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® Memorandum

Federal Highway
Administration

Subject: AMENDED MEMORANDUM of MAY 19, 2006 Date: July 26, 2006

From:

To:

CO PRA ROMO 10(4) TRAIL RIDGE ROAD

Steve Deppmeier, Pavements Engineer

Mark Meng, Project Manager
Wendy Hilgers, Lead Designer

A memo from me dated May 19, 2006 (attached) amended the original pavement report by
providing two relatively equivalent pavement structural sections to insert into the project as
different schedules/options.

Although Option 1 (foamed asphalt option) is structurally sufficient and meets CFL standards of
a 20-year design, I understand the Park did not agree with the design and requested that one inch
of asphalt be added to this option.

With this change the pavement structural section for Option 1 would now be:

Mill 75 mm (3 inches) existing pavement
75 mm (3 inches) HACP

150 mm (6 inches) FDR — Foamed Asphalt
SN =2.22

Grade Raise = 0

CC: Mike Voth, Pavement Discipline Leader
Richard Duval, QA Materials Engineer
Kevin Black, COE

Attachment: May 19, 2006 Memorandum
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S Memorandum

Federal Highway
Administration

Subject: AMENDED PAVEMENT RECOMMENDATION Date: May 19, 2006

From:

To:

CO PRA ROMO 10(4) TRAIL RIDGE ROAD

Steve Deppmeier, Pavements Engineer

Mark Meng, Project Manager
Wendy Hilgers, Lead Designer

The Pavement Report 04-14, issued September 2004 recommended for Section D, Station
75+500 to 85+066 to mill 75 mm (3 inches), place 75 mm (3 inches) HACP on 150 mm 6
inches) FDR — Foamed Asphalt. The required Structural Number (SN) is 2.13. A desired
feature was little or no grade raise from the existing pavement elevation. The upcoming project
will actual begin near Station 72+000. The following discussion will pertain also for Station
72+000 to 85+066. The existing pavement averages 175 mm (7inches) in depth.

With construction cost spiraling upward the last two years, it is prudent to expand the potential
number of bidders. The following typical pavement sections are generally equal in structural
capacity, yet allow more contractors to bid. Additionally, having two options (schedules) will
allow market conditions of material cost to influence prices. For instance, if HACP prices
remain or go higher in price, Option 1 may be more economical. However, if foamed asphalt
construction prices are high, Option 2 may be more economical.

Option 1:
Mill 50 mm (2 inches) existing pavement
50 mm (2 inches) HACP
175 mm (7 inches) FDR — Foamed Asphalt
SN =2.14
Grade Raise = 0

Note: The depth of foamed asphalt is increased in order compensate for the thinner HACP mat
and to roughly keep the same RAP to base ratio that foamed asphalt mix designs were performed

on.

Option 2:
Mill 3 inches existing pavement
90 mm (3.5 inches) HACP
150 mm (6 inches) FDR — Pulverize the existing pavement & base course
SN =2.26
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Grade Raise = 12.5 mm (0.5 inches)

Note: the 12.5 mm grade raise appears insignificant, but should be verified with the Park and
CFT

Both options will provide a 20-year plus design life assuming timely preventive maintenance is
performed.

Option 1 could be placed in Schedule A with Options X, Y, & Z for the various geotechnical
repairs further west of this work. Option 2 could be in Schedule B with the same Options X, Y,
& Z.

Attachment: DARWin Pavement Calculations

CC: Mike Voth, Lead Pavements Engineer
Richard Duval, QA Materials Engineer
Kevin Black, COE
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I. INTRODUCTION

On August 14, 2003 a pavement and subgrade soil investigation was completed in the
Rocky Mountain National Park (RMNP). This investigation covers road conditions of
Trail Ridge Road (U.S. Highway 34 outside of the National Park) from the National Park
boundary at the west entrance to Deer Ridge Junction, intersection with U.S. Highway
36. Trail Ridge Road is the only significant transcontinental divide route between
Interstates 70 & 80, although commercial traffic is prohibited from transversing the
National Park.

II. CLIMATE AND THE EXISTING PAVEMENT, SOILS, &
GEOLOGY

Climate

Snow covers much of the park from mid-October through mid-June. Trail Ridge Road is
usually closed late October through late May to early June. During years of heavy
snowfall, the road may open significantly later. If weather permits, park road crews
begin snowplowing in April. It generally takes 42 days to complete snowplowing
operations.

Weather can be very warm in the summer down on the valley floor. Temperatures
generally are 20 to 30 degrees Celsius (70’s to 80’s F) during daylight but can drop into
the low single digits (40’s F) at night. At the upper elevations, temperatures can be 10
degrees cooler. Afternoon thunderstorms and wind are normal with temperature drops of
10 to 15 degrees.

Winter is relatively mild down on the valley floor. At the upper elevations of Trail Ridge
Road, arctic conditions prevail. Sudden blizzards, high winds, and deep snowpack are
common. The west side of the park experiences more snow, less wind, and clear cold
days during the winter months.

Estes Park receives approximately 330 mm (13 inches) of moisture every year while
Grand Lake receives 505 mm (20 inches) of moisture every year.

Existing Pavement

In summer of 1984, Trail Ridge Road was rebuilt from the west entrance to the Colorado
River Trailhead. Peter Kiewit Sons Company built this project. The pavement structural
section was 100 mm of base course, 75 mm of hot asphalt concrete pavement (HACP)
and an Open Graded Friction Course (OGFC).

1984 was a wet year. The spring had a high snow melt runoff level with a resulting high
watertable, and the summer was extremely wet. The pavement had several structural
section failures that had to be rebuilt in 1985. Since then the National Park Service
(NPS) has had to repair sections with major cracks.

1
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The OGFC was raveling two years ago (2001) from the park entrance to the Colorado
River Trailhead when a chip seal was placed. At the time of this pavement investigation,
the chip seal was in good condition and was masking the pavement distress of the
underlying layers. Doug Buttrey, RMNP Road Foreman for the west side, stated that for
the most part, cracking was limited to specific locations and was not too bad for the
majority of the roadway from the park boundary to the Colorado River Trailhead. Frost
heaves are a recurring problem and six areas are identified for subexcavating. See
Appendix J for locations.

In 1982 & 1984 from the Colorado River Trailhead to Hidden Valley, Trail Ridge Road
had the first cold in-place recycle and overlay projects that CFLHD performed. Flat Iron
Paving Co. built the 1982 project. This project length was 14.8 kilometers (km) long (9.2
miles). Peter Kiewit Sons Company built the 1984 project, which was 5.2 km long (3.2
miles). The 1984 project was CFLHD’s pilot project for contractor acceptance testing,

The proposed project(s) consist of rehabilitating Trail Ridge Road from the west park
boundary to Deer Ridge Junction. Lava Cliffs Parking Area will be included within
roadwork. Other pullouts will be included or slated for obliteration based on individual
assessment by the RMNP.

RMNP has a complete maintenance road crew that performs their own chip sealing
operations. A chip seal was placed during the summer of 2003 from Milner Pass to the
Alpine Visitor Center.

The total length of proposed roadwork is approximately 61.7 km (38.3 miles). The
following pavement conditions were recorded from an odometer and then converted to
approximate project stationing.

Table 1: Pavement Condition of Trail Ridge Road, Rocky Mountain National Park

Road Pavement No. of
Width Thickness Cores

Station Pavement Conditions

(Average) Indicating
: Stripping

234395 8.80 103 mm 16 0f 22 | Chip seal masking cracks. High severity

m edge cracking leading beneath the chip

o 1. Chip seal has pop-outs and patches

32+800 seals P pop P
present.

+ 8.96 100 mm 4of11
L thO m Rough surface. Chip seal masking any
38+000 cracks.
38+000 | 9.66 103 mm No

to m recorded | No visible cracks beneath chip seal.
40+800 Stripping
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Road Pavement .. No. of
““Width = Thickness ~ Cores
(Average) Indicating

Pavement Conditions

i Stripping HEpp—
40+800 | 7.65 170 mm 30f5 Pop outs in old chip seal, consistent
to m problem with water pooling. No cracks
42+400 visible.
42+400 | 7.97 155 mm 4of 11
to m Old chip seal, no visible cracks.
474600
47+600 1 7.45 165 mm 3of 7 Uniform HACP thickness, no visible
to m cracks. One patch area present
50+400 - Rnep Pret
50?300 7£8 215mm 7of17 HACP varied from 150 mm to 265 mm,
574200 Any cracks masked by new chip seal.
57+200 | 7.92 168 mm 2of 5 Pavement settlement area studied by
to m CFLHD Geotech Section and portion
59+000 recommended for reconstruction.
9.68 156 mm 50of16 | Couple settlement areas studied by CFLHD
59+000 .
o m Geotech Section. Patches present,
644800 moderate edge and transverse cracking
present.
64+800 8.06 154 mm 50f9 No cracks visible. CFLHD Geotech
to m Section settlement studied areas and other
68-+400 patches but otherwise HACP was good for
most part.
68+400 | 7.83 151 mm 90f13
to m No visible cracks.
734600
8.56 160 mm 4 of 15 | Moderate transverse cracking. One
73+600 - ) .
m location had rutting and shoving and
to . : .
794200 another had localized high severity
alligator cracking between C95 & C96.
+
79+200 ) 8.99 155 mm No Moderate to high transverse cracking and
to m recorded derate longitudinal 1
804900 stripping moderate longitudinal cracking.
80+900 | 7.98 197 mm 6 of 11 Moderate transverse & longitudinal
to m cracking. Low to high rutting with some
85+066 shoving.
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Soils

Subgrade soils consisted of material generally classified by AASHTO M 145 as A-1-b
(0) to A-2-4 (0), silty sand or clayey sand under ASTM D 2487. Only one sample had a
Plasticity Index (PI) above 6. All other samples were non-plastic or had a PI of 6 or less.
In-situ moisture content (MC) ranged from 1.9% to 7.9%. Average moisture content
was 5%.

Soil properties from previous investigations were incorporated into this report. The
reports were: Soils Survey and Materials Source Investigation March 1979 by Larry W.
Wolf and Robert J. Blenk, the Materials Investigation (Maintenance Project) November
1981 by Bob Blenk and Wayne Folkman, and the CO PRA 10(3) Trail Ridge Road
Report# CO-PX-ROMO-01-01 by Khamis Y. Haramy. Laboratory test results from these
reports were copied and place in Appendix B of this report. Laboratory results were
consistent among the reports thereby reducing the amount of field investigation in 2003.

Geology: From Geotechnical Report CO-PX-ROMO-01-01 by Khamis Haramy.

Trail Ridge Road is located in the heart of Rocky Mountain National Park, which rises to
impressive heights ranging from 238 to 4350 m (7,800 to 14,255 ft) and includes Longs
Peak, one of Colorado’s highest points. These mountains are part of the northern Front
Range that lies within the geologic province known as the Southern Rocky Mountains.
These north-south trending mountains are characterized as broad-backed uplift, along
whose crest erosion has laid bare wide areas of Precambrian rocks. These Precambrian
rocks consist of granites, granitic gneisses, and biotitic schists that have been sculpted by
several episodes of glaciations. These glacial features are present today as U-shaped
valleys, hanging valleys, cirques, cirque lakes, and huge lateral morames. The soils
consist mainly of glacial deposits and residual soils derived from weathering of the
granite basement rocks.

III. EXPLORATION

The investigation used a truck mounted drill rig to auger through the existing pavement
and to continue into the subgrade from 0.3 mto 1.5 m (1 ft. to 5 ft.) in depth. Pavement
thicknesses were recorded, as were the soil descriptions. Samples were labeled from
-32C’ to “‘C-120". Samples in pullouts or on the shoulders were labeled for example as
C-81b to correspond with the sample in the mainline, C-81. Sampling was generally
every 400 m (0.25 miles) on the main Park Road. Mileposts (MP) were recorded for
sample locations and converted to project stationing.

Three samples were taken at the Lava Cliffs Parking Area and labeled C-60A, C-60B,
and C-60C.

On August 11, 12, 13, & 14, 2003 a two-person crew from GDI Drilling, Inc. completed
31 auger borings greater than 0.450 m in depth and 125 auger borings of 0.300 m in
depth to check the pavement thickness and to obtain sub grade samples at selected
locations. GDI used a CME 75 truck-mounted drill rig. Northern Colorado Traffic

4
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Control, Inc. provided traffic control. Auger refusal was encountered in 7 borings. All
borings were drilled within the roadway or in the paved parking areas. CFLHD staff
completed visual 1dentification of the soils and logged the borings. Ten samples were
tested for soil classification and in-situ moisture content. Four samples were tested for R-
Values.

In addition, five test pits were excavated to collect material for a preliminary full-depth
reclamation mix design. Approximately 100 kg of asphalt and base course were collected
at each site. GDI used a 400 mm diameter cookie cutter bit to obtain the samples. Two
to four corings were required at each site to obtain enough material.

Typical pavement distresses were recorded and photos were taken to further document

the condition of the pavement. Laboratory test results, boring logs, and photographs of
the boring locations are provided in the appendices in the back of this report.

IV. FOAMED ASPHALT & FWD TEST RESULTS

Foamed asphalt is a Full-Depth Reclamation (FDR) process where existing Hot Asphalt
Concrete Pavement (HACP), base and/or subgrade is pulverized through the use of a road
reclaimer. As the material is being pulverized, hot asphalt and water is injected through
nozzles. The resulting foaming action of the asphalt coats the fine particles of the
pulverized material. The course particles are embedded in the coated fine particles and
act as a brick & mortar type asphalt treated base course. A riding surface of HACP then
caps the foamed asphalt section. Generally the amount of asphalt binder required for
foamed asphalt is 2% to 4% (based on the unit weight of the reclaimed material).

Four small roadway sections have been constructed in RMNP with the foamed asphalt
FDR process. Prior to the above drilling exploration, Ground Engineering Consultants
mobilized a 2003 JILS Falling Weight Deflectometer (FWD) to determine the structural
capacity of these four pavement sections. An FWD is a trailer-mounted unit that uses
dynamic impulse loads and the subsequent measurement of the deflection basin to
estimate the modulus of pavement layers. The purpose of the FWD was to test the
durability and strength of foamed asphalt. Though these sections have only been in-place
since 1999 and 2001, RMNP has been pleased with the results and asked FHWA to
consider the use of foamed asphalt for the upcoming 62 km of road rehabilitation.

Since RMNP experiences extreme climate conditions and that any pavement
recommendation for 62 km is a significant investment, it was prudent to determine how
well the existing foamed asphalt sections were performing.

The foamed asphalt placed in RMNP was not designed, tested, or constructed to the
standards of FHWA projects. Soter Construction, of Quebec, Canada, constructed three
foamed asphalt sections in 1999. Soter used a Caterpillar RM-350 Road Reclaimer to
pulverize the existing pavement and to mix in the hot asphalt and water to form the
foamed asphalt base. The fourth section was constructed in 2001 by Son-Haul, Inc. of
Fort Morgan, CO. Son-Haul used a Wirtgen WR2500 Recycler/Stabilizer
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Foamed asphalt was injected to a depth of to 150 mm (6inch) on the projects. A 37 mm
(1.5inch) HACP overlay then topped the pavement structural section. Fall River Road,
one of the sections built by Soter, received approximately 50 mm to 75 mm (2 inchto 3
inch) overlay. During the pavement investigation in the summer of 2003, no distresses
were noted in any of the four pavement sections.

Cores of the pavement structural section, both HACP & foamed asphalt portions were
taken from the roadway few days after the FWD testing to calibrate the FWD data.
Pictures of the cores are in Appendix C. Field pictures of cores show the HACP portion
being dry while the foamed asphalt portion of the core is wet due to the lower asphalt
content and resulting voids.

Cores of the Moraine Park area and Trail Ridge Road were good. Cores from the Fall
River Road did not retain any portion of the foamed asphalt beneath the HACP overlay.
The foamed asphalt portions of the cores from Moraine Park and Trail Ridge Road
appear as course HACP cores though with more voids than HACP cores.

The full FWD report by Ground Engineering Consultants is in Appendix G. To quickly
summarize, the foamed asphalt section provided resilient modulus values similar to that
of HACP. The moisture susceptibility of the foamed asphalt portions of the roadway
cores was somewhat disappointing, as the wet tensile strengths would not meet FP-03
specifications.

Earth Engineering, Inc (EEC) performed four preliminary foamed asphalt mix designs.
EEC’s report is in Appendix H. Two of the mix designs were acceptable. The third mix
design represents an area that has been eliminated from the 10(4) project. The fourth mix
design was run at two portland cement contents.

The following table contains application rate recommendations for the foamed asphalt
base stabilization based upon EEC’s test results. The asphalt cement should be graded as
AC-10.

Table 2: Foamed Asphalt Recommended Application Rates

PORTLAND
CEMENT

STATIONING AC-10

SECTION A: 23+050 to 40+845 3% 2%
SECTION B: 40+800 to 50+400
& 4% 1%
59+160 to 75+500
SECTION C: 50+400 to 57-+000 3% 1%
SECTION D: 75+500 to 85+066 3% 1%
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For estimating purposes, use AC-10 applied at the above percent of the unit weight of the
existing pavement structure assuming 2275 kg/m® (142.0 Ib/ft’) and the portland cement
applied at the above percent of the unit weight of the existing pavement.

V. TEST RESULTS

Table 3 provides a summary of the soil properties evaluated on 10 soil samples from this
investigation. Appendix B contains the full laboratory report. In Appendix E are several
Charts, which provide layer depths of the existing pavement structural sections. Core
locations were taken from an odometer and converted to approximate stationing. Also, in
Appendix B are reports with historical R-Value and soil property information for Trail
Ridge Road.

Table 3: Main Road and its spur roads Soil Properties

Milepost/ Sample (?lisssftl‘lrggl - M?f;t;l =

Location/ Boring Depth on Value (in-s(; tu)
C-7 @ 39+800 0.100 - 1.5m A-1-b (0) 41 5.1
C-18 @ 44+200 0.175-1.2m A-1-b (0) - 1.9
C-28 @ 48+200 0.165 - 1.5m A-1-b (0) - 34
C-36 @ 51+400 0.225 - 1.5m A-2-6 (0) - 5.9
C-40 @ 53+000 0.165 -1.5m A-1-b (0) - 3.8
C-56 @ 59+300 0.165 —-1.5m A-1-b (0) 39 6.4
C-60D @ 60+870 0.170 — 1.5m A-2-4 (0) 24 4.5
C-80 @ 69+000 0.165 - 1.5m A-1-b (0) - 7.9
C-111 @ 814350 0.200 - 1.5m A-1-b (0) 70 5.0
C-117 @ 83+800 0.225 - 1.5m A-1-b (0) - 4.6

Auger refusal occurred at the following depths and locations. These depths would not
affect a pulverizing operation but the contractor should be made aware of the depths as
sampling was performed every 400 meters and variations could occur within this
distance.
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Table 4: Auger Refusal ,
ot Depth from

Milepnolst'./q

Location/ Boring Pg:ﬁ;:g: t
C-6 318 mm
C-40 1065 mm
C-84 420 mm
C-86 405 mm
C-88 470 mm
C-89 470 mm
C-91 610 mm

V1. PAVEMENT RECOMMENDATIONS AND DISCUSSION

Traffic counts were obtained from the FHWA Geotechnical Report CO-PX-ROMO-01-
01. The ADT was 2825. The projected 18-kip ESALs for 20 years were 617,765.
Subgrade soil support was good. The average R-Values were 50 to 60; which correlates

to 13,000 to 17,000 psi soil resilient modulus. Calculated Pavement Structural Numbers
(SN) were 2.13 and 2.24.

HACP average thickness trends lend themselves to be grouped into five different
pavement structural sections. HACP averaged 100 mm to 212 mm between four

sections. The fifth section is a reconstruction section based upon the CO-ROMO-01-01
Geotechnical Report.

Major concerns were to minimize the amount of grade raise, and be able to construct the

project with the amount of traffic and the afternoon thunderstorms within the short
summer seasoi.

Trail Ridge Road:

Section A:  Average Existing HACP thickness 100 mm (4 inches)
234395 to 40+800
Needed SN: 2.13

Option 1
90 mm (3.5 inches) HACP
125 mm (5 inches) Road Reconditioning / Pulverizing.
(Bid item 303)
SN=2.14
Grade Raise: 90 mm
Cost estimate: $162,000/kilometer
8
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Option 2: Recommended Section

Section B:

75 mm (3 inches) HACP

125 mm (5 inches) Full-depth Reclamation
(Foamed asphalt or other type, bid item 418).
SN=2.32

Grade Raise: 75 mm

Cost estimate: $ 159,000/kilometer

Average existing HACP thickness 165 mm (6.5 inches)

& 160 mm (6.25 inches) respectfully for the following sections:
40+800 to 50+400 & 59+160 to 75+500

Needed SN: 2.24

Option 1: Recommended Structural Section

Mill 75 mm (3 inches)

75 mm (3 inches) HACP

150 mm (6 inches) Full-depth Reclamation
(Foamed asphalt or other type, bid item 418).
SN =2.22

Grade Raise: 0.00

Cost estimate: $ 159,000/kilometer

Section C:  Average existing HACP thickness 210 mm (8.25 inches)
50+400 to 57+600
Needed SN: 2.24
Option 1

Mill 75 mm (3 inches)

65 mm (2.5 inches) HACP

200 mm (8 inches) Full-depth Reclamation
(Foamed asphalt or other type, bid item 418).
SN =2.30

Grade Raise: -12mm (-0.5 inches)

Cost estimate: $156,000/kilometer

Option 2: Recommended Structural Section

Mill 100 mm (4 inches)

75 mm (3 inches) HACP

150 mm (6 inches) Full-depth Reclamation
(Foamed asphalt or other type, bid item 418).
SN=12.22

Grade Raise: -25 mm (-1.0 inches)

Cost estimate: $161,000/kilometer
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Section D:  Average existing HACP thickness 175 mm (7 inches)
75+500 to 85+066
Needed SN: 2.13

Option 1: Recommended Structural Section
Mill 75 mm (3 inches)
75 mm (3 inches) HACP
150 mm (6 inches) Full-depth Reclamation
(Foamed asphalt or other type, bid item 418).
SN=2.22
Grade Raise: 0.00
Cost estimate: $157,000/kilometer

Section E: Reconstruction
57+600 to 59+160
Needed SN: 2.24

Option 1: Recommended Structural Section
75 mm (3 inches) HACP
175 mm (7 inches) Base Course (bid item 308).
SN=2.30
Grade Raise: As set by Reconstruction of sub grade elevation following
Geotechnical report CO-ROMO-01-01.
Cost estimate: $248,000/kilometer

Lava Cliffs Parking Area:

Due to its poor condition, Lava Cliffs will be reconstructed. HACP thickness in the
roadway one station prior to Lava Cliffs, at Lava Cliffs, and just past Lava Cliffs were
292 mm, 172 mm, and 216 mm respectively. Three HACP thicknesses in the parking
area were 70 mm, 75 mm, and 200 mm. An R-Value from the roadway with 172 mm of
HACP was 24 with in-situ MC of 4.5. The reconstructed structural section will be 75
mm HACP and 175 mm base course.

Pullouts:

In general, parking areas and pullouts will not be rehabilitated. If parking areas and
pullouts are added to the project, they shall be rehabilitated and paved as the adjoining
paved traveled way. Parking areas with concrete curb & gutter require tapering the Full-
depth Reclamation and the new pavement surface to match existing grade elevations.
Positive drainage of the parking areas needs to be maintained. For Full-depth
Reclamation, the road reclaimer needs to pulverize at least 25 mm below the HACP
depth.

10
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Pavement Materials:

*The HACP should be Item 401 Superpave, 12.5 mm grading with a Type II smoothness
level. The unit welght can be estimated at 2325 kg/m® (145 Ib/ft).

eHydrated lime (Type III), at 1%, will be the antistrip additive.

#The asphalt cement should be a PG 58-40. Quantity can be estimated at 6% by weight
of mix.

*The 75 mm depth HACP shall be placed in two lifts.

eTack coat at 0.45 L/m? (0.10 gal/yd?) is required between lifts and should cither be a
CSS-1, CSS-1h, SS-1, or SS-1h emulsion. A tack coat will be required between the
foamed asphalt and the bottom HACP mat.

e A fog seal, bid Item 409 should be included in the contract. For determining quantities
use an application rate of 0.45 L/m* (0.10 gal/yd®). The emulsion type can be a CSS-1,
CSS-1h, SS-1, or SS-1h.

*The foamed asphalt stabilized base specification; Item 418 SCR should be used. For
estimating purposes see Part IV of this report.

Drainage, Subexcavation, and other Issues:

On May 19, 2004, when collecting the additional sample for the preliminary foamed
asphalt mix design, NPS maintenance personnel made a point of escorting a FHWA
representative to approximately Station 344000, the Coyote Valley Trail turn-out. The
maintenance personnel said for whatever reason, water pools up at this point and the
pavement pops out. See Photo 7 in Appendix C. This roughly 60 m stretch is their worst
continuous headache. This area should be subexcavated to 900 mm depth and backfilled,
daylighting out to the foreslope. If millings are not available or are not allowed by the
NPS for use as backfill, then select borrow should be specified as the backfill material.

Frost Heave:
RMNP suffers from frost heaves in the spring.

Table 5: Frost Heaves

Location

24+200 to 24+420
30+390 to 30+470
30+580 to 30+630
31+860 to 31+920
37+180 to 37+260

All the sections listed in Table 3 will be subexcavated and backfilled with millings or
select borrow as above. Additionally, a section from Station 34+020 to 34+080 should
be subexcavated. This is an area that has experienced a subgrade failure.

Beyond the planned quantities of subexcavation, an additional 1000 cubic meters should
be put into the contract to be used at the discretion of the CO.

11
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LABORATORY TEST RESULTS



o Central Federal Lands Highway Division Laboratory

M
An AASHTO and ISO Accredited LLaboratory
US.Department
of Transportation -
Federal Highway Report of Soil or Aggregate Tests e Mor o i
Administration

Page 1 of 2
Project: Colorado PRA ROMO 10 (4) Trail Ridge Road
Submitted By: Steve Deppmeier Date Reported: 9/2/2003
Lab Number 03-864-RV 03-865-S 03-866-S 03-867-S 03-868-S
Sample Hole Number
Number
Field Number C-7 C-18 C-28 C-36 C-40
Station or Location 39+800 44+200 48+200 51+400 53+000
Sample Offset
Location
Depth 4.5 -4 6.5"-5’ 9°-5 6.5"-3.5'
3” 75.0 mm
112" 37.5mm 100 100 100 100
17 25.0 mm 99 99 99 100 99
3/4” 19.0 mm 97 98 96 99 95
AASHTO 1/2” 12.5mm 92 93 89 95 89
T11,T27 3/8” 9.5 mm 88 88 84 91 83
&T88 #4 475 mm 77 75 69 79 67
#8 2.36 mm
Washed #10 2.00 mm 63 60 56 64 52
Sieve #16 1.18 mm 56 51 49 55 45
Analysis #30 600 pym
% Passing #40 425 um 40 36 37 39 32
#50 300 ym
#100 150 ym 25 22 23 27 20
#200 75 um 18 16 17 21 15
20 ym
2um
1um
AASHTO T 255 | Moisture, % 5.1 1.9 34 5.9 3.8
AASHTO Liquid Limit 24 NV NV 35 25
T82&T90 Plasticity Index 2 NP NP 11 3
AASHTO M 145 A-1-b (0) A-1-b (0) A-1-b (0) A-2-6 (0) A-1-b (0)
gglssiﬁcauon ASTM D 2487 SM SM SM SC SM
AASHTO T 190 | R-Value 41
AASHTO T 288 Min. Resistivity, ohm-cm
AASHTO T289 | pH
AASHTO Optimum Moisture, %
Method Maximum Dry Density, pcf
Distribution:  Num./ProjectFile | Remarks: Reported By:
Laboratory Darrell Harding The moisture samples were taken from sealed plastic bags.
Pavements SieveDeppmeier For
Materials 1 Copy DarreVHarw)
Form FHWA 1702 Rev. 12/01




o Central Federal Lands Highway Division Laboratory

SM
An AASHTO and ISO Accredited Laboratory
US.Department
of Transportation R rt f s _I A t T t
Federal Highwa epo (0] Ol OF regate ests
Administrotion} P ggreg AASHTO R18  ISOHEC 17025

Page 2 of 2
Project: Colorado PRA ROMO 10 (4) Trail Ridge Road
Submitted By: Steve Deppmeier Date Reported: 9/2/2003
Lab Number 03-869-RV 03-870-RV 03-871-S 03-872-RV 03-873-S
Sample Hole Number
Number
Field Number C-56 C-60D C-80 C-111 C-117
Station or Location 59+300 60+870 69+000 81+350 83+800
Sample Offset
Location
Depth 6.5"-5' 6.75"-5' 6.5"-5' 8"-5’ 9°-5
3" 75.0 mm *
11727 37.5 mm 100
17 25.0 mm 100 100 100 98
3/4” 19.0 mm 99 99 99 100 95
AASHTO 1/2” 12.5 mm 93 97 98 96 91
T11,T27 3/8” 9.5 mm 89 96 96 a3 88
&T 88 #4 4,75 mm 74 89 91 86 83
#8 2.36 mm
Washed #10 2.00 mm 57 79 81 74 69
Sieve #16 1.18 mm 48 70 70 64 55
Analysis #30 600 um
% Passing #40 425 ym 33 53 45 42 24
#50 300 pm
#100 150 um 22 36 30 25 7
#200 75 pm 17 27 24 18 3.1
20 ym
2um
1 um
AASHTO T 255 | Moisture, % 6.4 45 7.9 5.0 4.6
AASHTO Liquid Limit 28 26 25 NV NV
T89&T90 Plasticity Index 4 6 2 NP NP
AASHTO M 145 A-1-b (0) A-2-4 (0) A-1-b (0) A-1-b (0) A-1-b (0)
g?g;'ssification ASTM D 2487 SM SC-SM SM SM SP
AASHTO T 190 | R -Value 39 24 70
AASHTO T 288 | Min. Resistivity, ohm-cm
AASHTO T 289 | pH
AASHTO Optimum Moisture, %
Method Maximum Dry Density, pcf
Distribution:  Num./Project File | Remarks: Reported By:
Laboratory Darrell Harding The moisture samples were taken from sealed plastic bags.
Pavements Steve Deppmeier . . . /Fé
* This sample’s +#4 material contains 31% asphalt by
Matetials 1 Copy weight. Due to the asphaltic nature of the material, a dry Darrell Harding O
-#4 gradation was performed
Form FHWA 1702 Rev. 12/01
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" DEPARTMENT DF "TRANSPOKR .GIIUN~NEC UN B

-
ZATE

Tl oA M

Rev 4-T6 JMARY OF SOIL OR AGGREGAT ESTS sHEET 1o 1
paougrT COLORADO-ROCKY MOUNTAIN NATIONAL PARK, TRAIL RIDGE ROAD .
SuBM:TTEC 8y _Bob Blenk restes sy DE, KW, KR reporTeD gy AbAN HELD
C'STRIBUTION' Project Enginser —u.@mn-a, Materials LoD J2 M

Field !
i 3 No. J
M M Hole . !
P8I N B-23 B-31 B-32 B-39 B-11 B<dil B-52 |
€ R| Leb .
No. [81-1331-SH81-1332-SB|81-1333-SH 81-1334-8481-1335-8R61-1336-SBB1-1337-SB
L Mile Mile Mile Mile Mile Mile Mile
s ¢ Station .
A ¢ or
",f # L ocdtion 8.85 12.18 13.15 17.25 18.50 18.50 22 .40
L ! '
E O ] Oftset Rt.Sh]. Rt .Shi Rt_Shl Rt.Sh1, Rt.Shl. Rt.Shl Rt.Shl
Nl peoth | 5-9°' 3-5"* 10-13% | 3,5-4" 2,.5-6¢ 6-Q " 12-aht
3'-7'
72" 100 100 100
3/4:: 99 - 89 100 100 Q7
I72 92 78 a8 Q9 89
3/8" 89 71 a8 100 98 8l
#4 81 100 60 Q7 98 a5 75,
H#8
A 1| a0 70 96 L9 96 92 88 67
s 1217 H#i6 58 o1 b2 95 87 83 62
el a0
0 88| waq 37 82 30 91 Th 71 49
#50 '
8100 26 63 23 80 57 51 33
2200 22.3 46.6 20.1 73.6 h6.5 40.8 27.5 |
0.05mm ]
10.02mm X
0.002mm
0.0Ctmm J'
% Moist. | 16.9 1k.9 12,1 26.8 28.9 361 15 o0 |
AASHTO SL
T-389, LL L7 38 25 67 )G L3 3)1
90892 | PI Q 1 h ho 13 10 9
AASHTO | Class Aol A 7 L A-1-b A-T-6 A-T-6 A-5 A-2-)
M-145 | GI (3) (31) (3) (1)
AASHTO wRo
T-190 | 7!
Ja( pet
AASHTO |W(%)
T-99,180 x4t pet
R €
E
M
A
R
K
38
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Rev 4-76 SUMMARY OF SOIL OR AGGREGATE TESTS SHEET I
PRGUECT COLORADO - ROCKY MOUNTAIN NATIONAL PARK, TRAIL RIDGE ROAD
susm:TTEZ av- e BLENK resten sy DHLKR ReporTED BY A: HELD
C'STRIBUTION: Project Engineer =i, goqula)n-l, Motericis Lon.-;’ BY:GU h
Fielo 1
S N No. .|
AU |
M M Hole B—25 1
P B o. !
L E Lab -
E R a 81-1303-S :
No.
" |
Mile
5 L | station
290 o | 9.60
M A lLocation
P T
Lo _
E O | Ottset |Rt,Should
N Depth |7". 21/')1
3‘-?
2"
172" | 100
3a" | 96
2" 90
38" 85
#4 7L
HB
A r-l @10 | O3
A H
s lh 816 56
H 27
0 88| w40 | 42
#50
£#100 29 i
7200 27.3 1
0.05 mm
0.02mm
0.002mm
0.0Cimm 1
% Moist, ] |
AASHTO| SL
T-89, LL ek
90892 | PI 2
AASHTO | Class -2~0
M=-145 Gl
AASHTO w?°/)
T-190 °
¥q( pet )
AASHTO |W(%)
T-99,180|yg{ pet )
Theabove SUbErads Soll Was blended &5 2U% of Total Mm% .
f R VIt existing asphalt pavement of the same location For
M Hveem stability determination.
A
R
X
s
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SUMMARY OF SO!L OR AGGREGATE TESTS SHEET 1 ot 3
PROJECT: ___ROCKY MOUNTAIN NATIONAL PARK - TRATIL RIDGE ROAD _
SUBMITTED BY:..Robert Blenk testep py:  DH, KW, KR, 13 REPORTED BY: _A-M. Held
DISTRIBUTION: Project Enginasr —i, Region -1, Maiarluls Lab,—2 Wﬂd ./2 /l
s | ol | BK-1 BK-2 BK~4 BK~5 BK~6 BX-8 BR-10
AU ) : ~ - :
M M| Hole
P B No. .
L E - = s e it =
E R L;: 78-1163-S | 78-1164-S | 78-1166-5|78-1167-S | 78-11¢3-5|78-1170-S | 78-1172-5
METRES | 5+80 11+06 23+00 28+60 52+00 43+82 55+80
s ’6 Station
A ¢ or
M A liocation|
P T METRES| _ _
E O | Ottset |6,.86 RT 3.66 RT 3.76 R 6.40 R 3.05 R 5.18 R §.69 R
N Depth {0.1-0.69 0.1-0.97 0.1-0.69 10.1-0.99 0.1-1.02 0.1-0.86 0.1-0.53
75mm+ R e
75mm 97 93 97 100 100 100
37.5mm 85 78 85 100 92 89 88
19.0mm 73 66 71 95 75 80 77
12.5mm 65 61 64 90 68 73 71
9.5mm 60 57 59 87 63 69 66
4.75mm 49 48 49 82 52 57 55
2.36mm ' ’
ﬁ T-|2.00mm 39 37 38 74 41 46 44
s Whi18mm 32 31 31 69 33 39 38
H 27 l0.600mm ' ' ‘ ' T
0 88[p.425mm 17 15 16 59 16 27 24
0.300mm ' ’
0.150mm 8 6 7 43 6 9 14
0.075mm 6.2 4.3 4.9 35.1 3.2 6.5 11.2
0.05mm
0.02mm
0.002mm
0.00lmm
% toist.

AASHTO| st ‘

T-89, | LL NV NV KV NV NV NV "NV
s0892| pI NP NP NP NP \P NP NP
AASKHTO[Class] A-1-a A-1-a A-1-a A-4 A-1-a A-1-a A-1-a
M-145 | GI (0)

AnsHTo] R 70 72 75 70 64 72 65

T-150 W(%3) 6.5 8.6 8.4 9.2 _8.3 7.8 ‘ 8.5

Talxo/my 2066 2028 2012 2028 2002 2087 2142
1AASHTO [W(%) 7.9 7.8 .4
T-99  |reko/n 2156 2156 2119

All holes were taken on the shoulder and represent the subbase material

i directly beneath the 10-13 cm (4-5 inches) thickness of the pavement

':: structure.

R

§
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SUMMARY OF SO

AR IO UV IRV T OIS

L OR AGGREGATE TESTS

PrOJECT: ROCKY MOUNTAIN NATIONAL PARK - TRAIL RIDGE R0AD

DATE: Ll ARl 2
SHEET_2___of __3

susmiTTeD By: Wayne Folkman regrep gy, DH, KW, KR, P5

DISTRIBUTION: Project Englnesr ~1, Reglqn =1, Materials Lab.-2

RE20RTED BY: LA. Held "

]

s N F:jf BK-11 BK-12 BK-13 BK-14 3X-15 BK-16 BK}17
Q E,, Hole ‘
P B No.

L E L.ab. ‘ '

E R No. |78-1173-5|78-1174-S [78-1175-S [78-1176-5 |78-1177-5 78-1178-5{78-1179-S
METRES | 62+40 68+40 75+00 77+93 81+20 87+80 94+20

S IE) Station

A ¢ or

M '_?_« Location

P | METRES |___ . 4 ) — .

E O | Offset Centerline]l 5.94 R . 3.12 R |Centerline| Cencterling 2. 44 R 3.86 R

M| Depth [0.53-1.02/0.1-0.41 0.1-0.43 J0.1-0,61 }0.1-1.92 |).1-9.28 0.1-0.36
75mm+ ] . :
75mm | 82 89 94 190 109 100
37.5mm | 63 82 90 100 99 92 94
190mm | 53 74 85 97 98 73 87

| 125mm | 49 71 81 96 97 il 76
9.5mm | 47 68 77 95 96 63 58
4.75mm | 42 62 70 91 93 53 53
2.36mm : : " s

A T-12.00mm [ 37 55 62 85 90 41 42

s i ti8mm [ 32 52 58" 77 38 34 36

H &7 0.600mm ' . _ _

0 88|0.425mm| 23 43 46 44 31 29 25 -
0.300mm . i
0.150mm} 17 33 31 20 58 13 16
0.075mm| 14, 2 27.6 23.5 14.5 57.4 '8.5 13.5
0.05mm
0.02mm
0.002mm
0.00Imm

% Moist.

AASHTO| st . .

T-89, | LL NV NV NV W 33 NV 27
90892 | pI NP NP NP NP 10 - NP 4
AASHTO | Class| A-1-a "~ A-2-4 A-1-b A-1-b Aoa A-1-a2 A-1-a

M-i45 Gl 47

R 62 48 64 58 39 69 62

AASHTO| o970 10,5 9.3 12.7° | 19.9 7.2 9.2

T=190 | o/ 2094 2002 1954 1866 1695 7164 2097
AASHTO [WI%)] 8.8
T-99 ydxg/m 2001 ‘

2

N

A

R

5

GPQO B33=472
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SUMMARY OF SOIL OR AGGREGATE TESTS SHEET_ 3 _of — 3
=roJecT: ROCKY MOUNTAIN NATIONAL PARK -~ TRAIL RIDGE ROAD
SUBMITTED BY: RObeITt Blenk TESTED BY: DH, KR, KW, LB REPORTED BY: A. Held )
DlSTRIBUTlON‘ Project Englnsar |, Region —I, Materials Lab.—2 (/7,14 4{“
s on | g} BK-18 BK -19 BK-20 BK-22 BK-26 BX-28 v
A U o : - ' :
M M Hole
i g No. _
ER L:: 78-1180-S |78-1181-S |78-1182-S | 78-1184-5|78-1188-5 | 78-1190-S |
METRES
5 B Station 1100+00Q.. 110+69 116+20 130+00 1156+64 176+00
A ¢ or Approx, Approx.
";4 [I\, Location
L | METRES , . A . ‘
£ 0 | Ofiset 5.28 R 3.66 L 3.5R RT, SHLDR 3.6 R RT., SHIDR
N Depth [0.1-0.61 p.1-0.25 . 10.1-0,46 0,1-0.30 10.1-0,28 O.l—O.Ji-_'l
75mm+| i ) .
75mm 92 100 91 100 100 96
375mm 81 MCER 79 98 86 81
19.0mm 71 90 68 88 B0 B
i2.5mm 63 83 62 80 76 64
9.5mm 57 77 57 74 72 53
4.75mm 47 64 47 61 62 50
2.36mm ' ) ) )
ﬁ‘ T-12.00mm 38 54 39 47 52 4z
s il i18mm 32 43 37 40 46 37
? 287 0.500mm ' A ' | ‘
0 BE!s az2smm 20 35 25 - 27 32 24
0.300mmi '
0.150mm 11 24 17 17 20 13
C.075mm 8.6 18.7 13.9 13,7 15,3 a1
CO05mm ) ) ’
C.02mm
0.002mm
0.00Imm
:/c ttoist,
ALSHTO! sL ‘
T-82, | LL NV NV NV NV 25 WY
30832 PI NP NP NP ~ NP 3 _ NP
AASHTO[Class[A_1.a A-1-b A-l-a Acl-a Al.-a A-1-a
M-125 | GI '
AASHTO R 74 71 72 68 . 60 ‘/5 _
Tojop | ¥I%) 7.7 8.4 7.9 8.5 8.9 7.5
" loomy| 2118 1998 2220 2103 | 2116 2169
AASHTO jW(%)
T-95 7akg
!
2
Mo
R
5

GPO 533~ 47
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NEPARTMENT OF "RANSPOR™ATION —REG'ON @
+MARY OF SOIL OR AGGREGAT!

ESTS

SATE _N8/45/01
SHEET 1 ot 2

paoyers COLORADO-ROCKY MOUNTAIN NATIONAL PARK, TRAIL RIDGE ROAD vl
susmiTTEC 8y Bob Blenk rester ay:DH,BB,KW,KR,RB,GHreporTep BY Al_Held
C'STRIBUTION' Project Enginesr —4, F.Q?ol?.'-:lr, Materigis LoD -13
Fiela ‘
i s No. |
- “32‘ B-3 B-9 B-11% B-16 B-23 B-26 B-31 :
L E} —
E R L:: 81-1286-8 181-1290-S }81-1292-S | 81-1295-5| 81-1301-S | 81-1304-S| 81-1306-S |
Mile Mile Mile Mile Mile Mile Mile
S L | station .
A 2 or 0.90 3.40 4.15 6.15 8.85 9,98 12.18
M A {Location
Pl
£ o ottser [ RE.SAI. | RL.Sh1. | Rt.Shl.| Rt.Sh1.l Rt.Shi. | Rt Shi.| R Sh1.
Nl Deptn | 4"-3'6" 6"-4" 6"-4' 3r-4! 6"-3%' 13-3/4%.5% | 5"-24}
3'1-
3" 100
NV 100 100 99 100 100 100
34" 99 100 99 96 99 oL 9k
12" 9L 99 96 90 96 85 87
3/8" 90 98 93 86 93 79 82
#4 79 90 85 171 83 64 71
H8
ﬁ -1 410 67 13 70 fh A9 55 58
s é‘- #16 57 59 59 54 58 L7 50
Hal a3
0 88{ wa0 36 40 39 31 37 34 L0
850
100 22 30 26 20 2k 23 o8 j
2200 176 25.5 20.9 16.5 19.0 18.3 b, 2 |
0.05mm 5
0.02mm '
0.002mm
0.0CImm !
9% Moist. !
AASHTO]| sL
T-89, | LL Ny NV 31 0V NV 31 NV
90892 | Pt NP NP 2 NP NP 2 NP
|AASHTO [ Class A-1-h A-D-l A-1-h A-1-h Amlal A1B Al %
M-i45 Gl
R £9 69 51 66 61 6h 66
ASHTO
AT-|90 wi%el 8.1 9.2 10.6 7.6 8.0 8.6 9.5
Y(pet) 129.7 125.4 122.1 132.8 127.7 128.6 129,13
AASHTO {W{(%)
T-99,180]rgl pet )
- *Note that the sample from B=11 raontained a suhstanbial amount of
R wood fragments.
A
R
K
S
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“1e . AMARY OF SOIL OR AGGREGAT 'ESTS SHEETZ of p
ROLERT COLORADO ROCKY MOUNTAIN NATIONAL PARK, TRAIL RIDGE ROAD
suswiTTEC gy- oo Blenk resten sy Dl BB KW, KR HB, Gl oy prep gy AL HEI
C'STRIBUTION® Project Enqmut(-ﬁ,l),pﬁnq]-on-u, Moterigies LOD. ;2 . a/(/\ve%
Frelo - 1 v ]
S N | N ‘ N
A U
M M Hole ) !
P gl wo B-3k B-37 B-38 Rl B=4g B-52 B=5T |
E R L:: 81-1308-5 | 81-1311-5 | 81-1312-§| 81-1318-5{81-1322-S | 81~1325-5|81~1328-S !
Mile Mile Mile Mile Mile Mile | Mile
L
$ 9|75 15.30 | 16.50 16.90 19.70 | 21.65 22.40 | 24.00
M A |{ocation
.
E 0| ottser [ RE.SAT. | RE.SAT. | RE.SAT. | RE.Sh1.| RE.SA1. | Rt.Shi.] RE.SHL.
N Depth .d]/zll_ql 21/2:|~4| ?11_40 5:!_4| 3"_4! 51/2n_4| 3"—]3'6"
3;
-
/2" T00 100 100 100 100 1Q0 100
34" o7 98 99 97 9l 95 Q7
12" 93 94 97 91 85 86 Q0
38" 90 89 ol 85 77 79 8k
#4 19 76 85 69 £3 AL 71
Ha
ATl om0 67 61 Th 5l 52 51 5Q
s ;'7 #16 61 sk 67 L6 L Ll 50
'-?- a #30
0 88| a0 L7 41 53 35 32 32 41
#s0
100 31 28 36 23 21 20 29
£200 24.0 22.0 28.0 18.1 17.8 173 23,6 i
O.'OSmm
0.02mm
0.002mm
0.0Cimm p)
% Moist, I
AASHTO | SL
T-89, | LL Ny NI N QAT 26 26 23
90892 | PI NP WP NP NP 6 n 3
{AASHTO [ Class A-I-b A-1-b A-2-L A-1-D A~1-b A-1-Db A-1-Db
M-145 Gl
aAsHTOl B 53 52 58 5T 51 32 51
o150 | W% 8.9 8.9 9.1 7.0 7.2 i 7.4
Xal pet 132.6 135.6 124.9 136.8 136.0 136.2 139,k
AASHTO |W(%)
T-99,180 )5yl pet )

GXVPFITMD
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September 2, 2003

Subject: Laboratory Testing on Delivered
Asphalt Cores.

Job No. 03-3235

Central Federal Lands
Highway Division
Attn: Steve Deppmeier
Building 52

Denver CO 80225

Dear Mr. Deppmeier,

As requested Marshall Stability and Flow testing has been completed on the cores delivered to

our office by your representative. The testing was done in general accordance with ASTM D
1559. The results are summarized in the table below.

Location __LABID Stability (Ibs) Flow (in.)
MP-9 (top) 03-711-C 2193 20
MP-9 (bottom) 03-711-C 940 20
MP-20 03-713-C 2071 19
TR-17 03-721-C 972 18
RT-6 03-729-C 1734 19
RT-26 03-734-C 860 24

Upon review, if vou have any questions, please contact our office.

Sincerely,
Ground Epngineering Consultants, Inc.
4 %;// )

Michael J. Quinn
N

41 Inverness Drive East, Englewood, CO 80112-5412 Phone (303) 289-1989 Fax (303) 289-1686
North Office: 7393 Dahlia Sireet, Commerce City, CO 80022-1834 www.groundeng.con Fax (303) 289-6742



APPENDIX C

PHOTOGRAPHS
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CO PRA ROMO 10(4) TAIL RIDGE ROAD

Photo 2: 79+000 Overlay & Masonry Wall



CO PRA ROMO 10(4) TAIL RIDGE ROAD

g 0

Photo 3: 77+400 Edge Dran

Photo 4: 73+400 Failed Wall Area



CO PRA ROMO 10(4) TAIL RIDGE ROAD

Photo 6: 36+200 HACP Distress
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CO PRA ROMO 10(4) TAIL RIDGE ROAD

Photo 8: 304200 Reflective Cracking
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CO PRA ROMO 10(4) TAIL RIDGE ROAD

]

Photo 10: 25+400 Reflective Cracking




CO PRA ROMO 10(4) TRAIL RIDGE ROAD




CO PRA ROMO 10(4) TRAIL RIDGE ROAD

46+600 Edge Drain

Photo 13

744600 Shoulder Drop Off

Photo 14

£




CO PRA ROMO 10(4) TRAIL RIDGE ROAD

344600

PHOTO 16

81+000

PHOTO 15



CO PRA ROMO 10(4) TRALL RIDGE ROAD

- 47+400

Photo 18

744200

PHOTO 17



CO PRA ROMO 10(4) TAIL RIDGE ROAD

Photo 20: 68+400 Test Pit 4 68+400
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CO PRA ROMO 10(4) TRAIL RIDGE ROAD

Photo 22: FWD Testing Park Foamed Asphalt



CO PRA ROMO 10(4) TRAIL RIDGE ROAD

Photo 24: Dried HACP, Wet Foamed Asphalt
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CO PRA ROMO 10(4) TRAIL RIDGE ROAD

t Foamed Asphalt

Photo 26: Dried HACP, Wet Foamed Asphalt



CO PRA ROMO 10(4) TRAIL RIDGE ROAD
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Photo 27: Dri
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amed Ashalt

Photo 28: Dried HACP, Wet Foamed Asp
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CO PRA ROMO 10(4) TRAIL RIDGE ROAD

Full Core of Foamed Asphalt

Photo 29

Base & bgre

Photo 30




APPENDIX D

PAVEMENT DESIGN CALCULTATIONS



1993 AASHTO Pavement Design

DARW:in Pavement Design and Analysis System

A Proprietary AASHTOWare
Computer Software Product

Flexible Structural Deéign Module

Section A 23+395 to 40+800
Existing Ave 4"
3.5"HACP & 5" Pulverize

18-kip ESALSs Over Initial Performance Period 617,765
Initial Serviceability 42
Terminal Serviceability 25
Reliability Level 75 %
Overall Standard Deviation 0.49
Roadbed Soil Resilient Modulus 17,000 psi
Stage Construction 1
Calculated Design Structural Number 2.13in

Flexible Structural Design

Rigorous ESAL Calculation

Performance Period (years) 20
Two-Way Traffic (ADT) 2,825
Number of Lanes in Design Direction 1
Percent of All Trucks in Design Lane 100 %
Percent Trucks in Design Direction 60 %
Average Initial Annual % Accumulated
Percent Annual Truck Factor Growth in 18-kip ESALs
Vehicle of % (ESALs/ Truck over Performance
Class ADT Growth Truck) Factor Period
2 84 1.81 0.0008 0 9,751
4 0.5 1.81 0.88 0 63,849
5 15 1.81 0.2 0 435,332
6 0.5 1.81 1.5 0 108,833
Total 100 - - - 617,765
Growth Simple
Total Calculated Cumulative ESALs 617,765
Specified Layer Design
Struct Drain
Coef. Coef. Thickness Width Calculated
Layer Material Description (AD) (Mi) (Di)(in) [6i3) SN (in)
1 HACP 0.44 1 35 - 1.54

Page 1



R
;s

Layer

Total

Struct

Coef.
Material Description (AD
Pulverize/Recycle 0.12

Drain

Coef. Thickness

(Mi) (Di)(in)
1 5

- 8.50

Page 2

Width
[619]

Calculated
SN (in)
0.60
2.14
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1993 AASHTO Pavement Design

DARWIin Pavement Design and Analysis System

A Proprietary AASHTOWare
Computer Software Product

Flexible Structural Design Module

Section A 23+395 to 40+800
Existing Ave 4";
3"HACP & 5" FDR

18-kip ESALSs Over Initial Performance Period 617,765
Initial Serviceability 42
Terminal Serviceability 2.5
Reliability Level 75 %
Overall Standard Deviation 0.49
Roadbed Soil Resilient Modulus 17,000 psi
Stage Construction 1
Calculated Design Structural Number 2.13 in

Flexible Structural Design

Rigorous ESAL Calculation

Performance Period (years) 20
Two-Way Traffic (ADT) 2,825
Number of Lanes in Design Direction 1
Percent of All Trucks in Design Lane 100 %
Percent Trucks in Design Direction 60 %
Average Initial Annual %
Percent Annual Truck Factor Growth in
Vehicle of % (ESALs/ Truck
Class ADT Growth Truck) Factor
2 84 1.81 0.0008 0
4 0.5 1.81 0.88 0
5 - 15 1.81 0.2 0
6 0.5 1.81 1.5 0
Total 100 - - -
Growth Simple
Total Calculated Cumulative ESALs 617,765
Specified Layer Design
Struct Drain
Coef. Coef. Thickness Width
Layer Material Description (AD) (Mi) (Di)(in) [§id)
1 HACP 0.44 1 3 -
2 FDR 0.2 1 5 -

Page 1

Accumulated
18-kip ESALs
over Performance
Period
9,751
63,849
435,332
108,833
617,765

Calculated
SN (in)
1.32
1.00



Struct Drain

Coef. Coef. Thickness Width Calculated
Layer Material Description (AD) (Mi) ] (Di)(in) (ft) SN (in)
Total - - - 8.00 - 232

Page 2



1993 AASHTO Pavement Design
P DARWin Pavement Design and Analysis System

A Proprietary AASHTOWare
Computer Software Product

T
SR CR

Flexible Structural Design Module

Section B

40+800 to 50+400 & 59+160 to 75+500

Existing Ave 6.25";
Mill 3" Place 3" HACP & 6" FDR

Flexible Structural Design

18-kip ESALSs Over Initial Performance Period 617,765

- Initial Serviceability 42
Terminal Serviceability 2.5
Reliability Level 75 %
Overall Standard Deviation 0.49
Roadbed Soil Resilient Modulus 15,000 psi
Stage Construction 1
Calculated Design Structural Number 2.24 in

Rigorous ESAL Calculation

Performance Period (years) 20
Two-Way Traffic (ADT) 2,825
Number of Lanes in Design Direction 1
Percent of All Trucks in Design Lane 100 %
Percent Trucks in Design Direction 60 %
Average Initial Annual % Accumulated
Percent Annual Truck Factor Growth in 18-kip ESALs
Vehicle of % (ESALs/ Truck over Performance
Class ADT Growth Truck) Factor Period
2 84 1.81 0.0008 0 9,751
4 0.5 1.81 0.88 0 63,849
5 15 1.81 0.2 0 435,332
6 0.5 1.81 1.5 0 108,833
Total 100 - - - 617,765
< Growth Simple
Total Calculated Cumulative ESALs 617,765

Specified Layer Design

Page 1
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Material Description

HACP
FDR

Struct

Coef.

(AD)
0.44
0.15

Page 2

"Width
(€3]

Calculated
SN (in)
132
0.90
222



| 1993 AASHTO Pavement Design
| £ DARWin Pavement Design and Analysis System

A Proprietary AASHTOWare
Computer Software Product

Flexible Structural Design Module

Section C
50+400 to 57+600
Existing Ave 8.25"
Mill 3 & Pave 2.5 & 8 FDR

Flexible Structural Design

18-kip ESALs Over Initial Performance Period 617,765
Initial Serviceability 42
Terminal Serviceability 2.5
Reliability Level 75%
Overall Standard Deviation 0.49
Roadbed Soil Resilient Modulus 15,000 psi
Stage Construction 1
Calculated Design Structural Number 224 in

Rigorous ESAL Calculation

Specified Layer Design

Page 1

, Performance Period (years) 20
' Two-Way Traffic (ADT) 2,825
“ Number of Lanes in Design Direction 1
Percent of All Trucks in Design Lane 100 %
Percent Trucks in Design Direction 60 %
Average Initial Annual % Accumulated
Percent Annual . Truck Factor Growth in 18-kip ESALs
Vehicle of % (ESALs/ Truck over Performance
Class ADT Growth Truck) ) Factor Period
2 84 1.81 0.0008 0 9,751
4 0.5 1.81 0.88 0 63,849
5 15 1.81 0.2 0 435,332
6 0.5 1.81 1.5 0 108,833
Total 100 - - - 617,765
= Growth Simple
Total Calculated Cumulative ESALSs 617,765



o b
r

Material Description
HACP
FDR

Struct
Coef.
(Ai)
0.44
0.15

Page 2

Thickness
(Di)(in)
2.5
8
10.50

Width
()

Calculated
SN (in)
1.10
1.20
2.30



5
z«:

1993 AASHTO Pavement Design

DARWin Pavement Design and Analysis System

A Proprietary AASHTOWare
Computer Software Product

Flexible Structural Design Module

18-kip ESALSs Over Initial Performance Period

Section C
50+400 to 57+600
Existing Ave 8.25"

Mill 4 & Pave 3 & 6 FDR

Flexible Structural Design

617,765
Initial Serviceability 42
Terminal Serviceability 2.5
Reliability Level 75 %
Overall Standard Deviation 0.49
Roadbed Soil Resilient Modulus 15,000 psi
Stage Construction 1
Calculated Design Structural Number 2.24in

Rigorous ESAL Calculation

Performance Period (years) 20
Two-Way Traffic (ADT) 2,825
Number of Lanes in Design Direction 1
Percent of All Trucks in Design Lane 100 %
Percent Trucks in Design Direction 60 %
Average Initial Annual %
Percent Annual Truck Factor Growth in
Vehicle of % (ESALs/ Truck
Class ADT Growth Truck) Factor
2 84 1.81 0.0008 - 0
4 0.5 1.81 0.88 0
5 15 1.81 0.2 0
6 0.5 1.81 1.5 0
Total 100 - - -
Growth Simple
Total Calculated Cumulative ESALs 617,765
Specified Layer Design

Page 1

Accumulated
18-kip ESALs
over Performance
Period
9,751
63,349
435,332
108,333
617,765



Layer

Total

Material Description

HACP
FDR

Struct
Coef.
(Al)
0.44
0.15

Page 2

Thickness
(Di)(in)
3
6
9.00

Width
()

Calculated
SN (in)
1.32
0.90
2.22



1993 AASHTO Pavement Design

DARWin Pavement Design and Analysis System

A Proprietary AASHTOWare
Computer Software Product

Flexible Structural Design Module

Section D
75+500 to 85+066
Existing Ave 7"

Mill 3 & Pave 3 & 6 FDR

Flexible Structural Design

18-kip ESALs Over Initial Performance Period
Initial Serviceability

Terminal Serviceability

Reliability Level

Overall Standard Deviation

Roadbed Soil Resilient Modulus

Stage Construction

Calculated Design Structural Number

617,765
42

25

75 %

0.49
17,000 psi
1

2.13in

Rigorous ESAL Calculation

Performance Period (years)
Two-Way Traffic (ADT)

" Number of Lanes in Design Direction
Percent of All Trucks in Design Lane
Percent Trucks in Design Direction

Percent Annual
Vehicle of %
Class ADT Growth
2 84 1.81
4 0.5 1.81
5 15 1.81
6 0.5 1.81
Total 100 -
Growth

Total Calculated Cumulative ESALs

20
2,825
1

100 %
60 %

Average Initial Annual %

Truck Factor Growth in
(ESALs/ Truck
Truck) Factor

0.0008 0
0.88
0.2
1.5

[ = I R o]

Simple

617,765

Specified Layer Design

Page 1

Accumulated
18-kip ESALSs
over Performance
Period
9,751
63,849
435,332
108,833
617,765



Layer

Total

Material Description

HACP
FDR

Struct
Coef.
(Ai)
0.44
0.15

Drain
Coef.

Mi)
1
1

Page 2

Thickness
(Di)(in)
3
6
9.00

“Width
(f)

Calculated
SN (in)
1.32
0.90
2.22



1993 AASHTO Pavement Design

DARW:in Pavement Design and Analysis System

A Proprietary AASHTOWare
Computer Software Product

Flexible Structural Design Module

18-kip ESALs Over Initial Performance Period
Initial Serviceability

Terminal Serviceability

Reliability Level

Overall Standard Deviation

Roadbed Soil Resilient Modulus

Stage Construction

Calculated Design Structural Number

Section E
57+600 to 59+160
Reconstruct

Flexible Structural Design

617,765
42

2.5

75 %
0.49
15,000 psi
1

2.24 in

Rigorous ESAL Calculation

Performance Period (years)
Two-Way Traffic (ADT)

Number of Lanes in Design Direction
Percent of All Trucks in Design Lane
Percent Trucks in Design Direction

Percent Annual
Vehicle of %
Class ADT Growth
2 84 1.81
4 0.5 1.81
5 15 1.81
6 0.5 1.81
Total 100 -

Growth

Total Calculated Cumulative ESALs

20
2,825
1

100 %
60 %

Average Initial Annual %
Truck Factor _ Growth in

(ESALs/ Truck

Truck) Factor
0.0008

0.88

0.2

1.5

[ R e I e I

Simple

617,765

Specified Layer Design

Page 1

Accumulated
18-kip ESALs
over Performance
Period
9,751
63,849
435,332
108,833
617,765



Material Description
HACP
Base Course

Struct

Coef.
(AD)
0.44
0.14

Drain
Coef. Thickness
(Mi) (Di)(in)
1 3
1 7
- 10.00

Page 2

Width

. (®)

Calculated
SN (in)
1.32
0.98
2.30
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40.27 , 105.83
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40.22 , 105.53
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259 (0.9, 44)

1993
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271 (1.2.12)
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waterdale

2293

2535

1594
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40.43 , 105.20
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1993

271 (1.2.12)
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33.8 (1.2, 38)

-29.2 (4.4, 36)
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APPENDIX E

ASPHALT MAT THICKNESS CHARTS
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FIELD DATA SUMMARY
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ROMO ASPHALT THICKNESS FOR THE LAST SECTION OF THE FWD TESTING

8/11/2003

FHWA LOCATION #

C120
C119
C118
c117
C116
C115
C114
C113
C112

C111
C110

C109
C108
C107
C106
C105
C104

Base course was all a native silty sand with gravel.

MP from Asphalt Mat
Deer Ridge Junc. Thickness
0.1 7.5"
0.35 8"
0.6 7"
0.85 g"
1.1 8.5"
1.35 8.5"
1.6 6"
1.85 7"
30' past FWD 36 6"
2.1
opposite lane to FWD 40 8"
2.35
@FWD 42 9.75"
2.6
2.85 6"
3.1 6.5"
3.35 6.5"
3.6 5.5"
3.85 7
4.1 7.5"
@snowgate of
Many Parks

bottom 2" stripping
bottom 2" stripping

bottom 3" stripping

bottom 4 to 5" stripping

bottom 3 to 4" stripping

Very consistent, just the amount of silt or the size of the gravt
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APPENDIX G

FALLING WEIGHT DEFLECTOMETER —
GROUND ENGINEERING CONSULTANTS, INC.



CO PRA ROMO 10(3) Trail Ridge Road

Nondestructive Deflection Testing and Pavement Evaluation
Rocky Mountain National Park
Trail Ridge Road, Bear Lake Road, Fall River Road
Larimer County, Colorado

Prepared for:

Federal Highway Administration
Central Federal Lands Highway Department
Denver Federal Center, Building 52
Lakewood, Colorado 80225
Attention: Mr. Michael Voth

Job Number 03-3235 September 15, 2003
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Nondestructive Deflection Testing
Trail Ridge Road
Rocky Mountain National Park

SUMMARY

GROUND Engineering Consultants, Inc. (GROUND) has completed the nondestructive
deflection testing (NDT) program for the requested portions of Trail Ridge Road, Bear
Lake Road, and Fall River Road, located within the Rocky Mountain National Park in
Larimer County, Colorado.

Four (4) roadway segments, totaling approximately 6.9 miles (11.1 km) were evaluated
using a 2003 JILS Falling Weight Deflection machine.

A detailed discussion of the testing program, analysis, and specific information for
various segments of the roadway alignment that was analyzed is presented herein.

PURPOSE AND SCOPE OF STUDY

This report presents the results of a nondestructive deflection testing program and
pavement evaluation for 4 roadway segments totaling approximately 6.9 miles of Trail
Ridge Road (or adjacent roadways) within Rocky Mountain National Park. The purpose
of this testing was to evaluate the moduli and deflection data of several foamed sections
that were constructed within the last few years, as well to complete an FWD survey on
an approximate 5-mile section where historical R-value data does not exist.

Nondestructive deflection testing (NDT) through the use of a 2003 JILS Falling Weight
Deflectometer (FWD) was performed along the requested segments of roadway
alignments. In accordance with the project documents, a NDT evaluation of the
pavement condition was performed at a minimum frequency of approximately one test
location for every 100 meters.

This report has been prepared to summarize the data obtained and to present our
conclusions and recommendations based on the data obtained from the NDT program

~ and the information provided by the Central Federal Lands Highway Department.

PROJECT LIMITS/EXISTING PAVEMENT SECTIONS
The limits of this evaluation consist of the following:
> Bear Lake Road, from the Moraine Museum Entrance North approximately 1 km.

> Bear Lake Junction North to 3M approximately 4.2 km.

Job Number 03-3235 Ground Engineering Consultants, Inc. Page 1



Nondestructive Deflection Testing
Trail Ridge Road
Rocky Mountain National Park

> Deer Ridge Junction to Horseshoe Overlook approximately 1.2 km.
> Deer Ridge Junction to 3M approximately 4.7 km.

The existing pavement sections along with (visual) subsurface data to a depth of
approximately 0.5 meters were provided by the Central Federal Lands Highway Division.
We understand that the majority of the existing pavement sections were originally
constructed approximately 70 years ago, with occasional maintenance consisting of
patching, crack sealing, overlays and replacement performed on an as-needed basis.

The surface of the pavement sections observed were in variable condition, ranging from
new-looking pavement to pavement with minor to moderate rutting and/or shoving.

NONDESTRUCTIVE DEFLECTION TESTING

A nondestructive deflection testing (NDT) program was performed using a 2003 JILS

Falling Weight Deflectometer (FWD). Evaluation of the pavement sections’ effective
structural capacity can be performed through the use of dynamic impulse loads and the
subsequent measurement of the deflection basin. Using the measured deflection basin,
the resilient modulus values of the in-situ base course and subgrade materials, as well
as the effective pavement layers are estimated. The Falling Weight Deflectometer
(FWD) has the capability of adjustable loads ranging from approximately 6,000 pounds
to 40,000 pounds. For this testing, it was specified that each test point is to be subjected
to dynamic impulse loads of 6,000 pounds, 9,000 pounds, and 12,000 pounds. The
actual loading was increased to include 15,000 pounds because negligible to no
readings were obtained at the outer sensors under lesser loadings (likely the result of
periodic rock formations near the surface under portions of the roadway alignments).
The individual load was transmitted to the pavement through a set of springs and a 12-
inch diameter rigid plate. Seven geophones were used to measure the deflection basin
at offsets of 0, 8, 12, 18, 24, 36 and 60 inches.

The deflection tests were performed along the roadway segments at a spacing of no
greater than 100 meters for each lane. Areas that yielded high deflections or other
variable results were tested more frequently, generally on 25 or 50 meter centers. The
deflection tests were generally performed in the outer wheel path of each travel lane
evaluated.

During the deflection testing, a calibration sequence was performed periodically to
maintain the desired “target” loads. As pavement temperatures increase, a reduction in

Job Number 03-3235 Ground Engineering Consultants, Inc. Page 2



Nondestructive Deflection Testing
Trail Ridge Road
Rocky Mountain National Park

the pavement section stiffness is observed and the actual force imposed on the
pavement decreases. This necessitates the use of periodic calibration throughout the
day.

Pavement temperature was determined automatically at each test location, with the
pavement temperatures input directly into the data file by the JILS computer software.
Ambient temperatures and general directional bearings were recorded in the general
notes at each test location.

In addition, the loadings and deflection basins were shown graphically “real time” during
the testing. Occasibnally, anomalies or discontinuities were observed in the test data
and retesting was performed.

ANALYSIS

When the deflection testing was completed, the raw data was converted to both an
.FWD file and .PDDX file format for additional analysis and modulus determination. The
computer software, DAPS 1.5.1 (Deflection Analysis of Pavement Structures), designed
by Abatech, Inc., was used for back calculation of the effective modulus of the asphalt
(including the foamed asphalt section), granular base, and subgrade. The DAPS
program requires that the thickness, density, and void ratio is input for each of the
pavement section layers. A correction factor is applied to correct the results to a mean
temperature of 68 degrees Fahrenheit. A detailed discussion of the inputs used is
included in Appendix A. -

The DAPS program calculates the modulus of each pavement layer, as well as the
percentage of error for each deflection basin. The percentage of error is calculated as
the Root Mean Square error divided by the maximum deflection. Errors of less than 4
percent indicate that the data obtained resulted from a satisfactory deflection basin, (an
accurate test). As shown in the data for this project, 2 of the 255 tests contained errors
of 4.55 and 4.56 percent; all others had errors less than 4 percent, with the average
error of less than 1.0 percent. This information is presented in Appendix E: Summary of
Test Results and Calculated Modulus Values.

The results of the modulus calculations generated by the computer software were
exported to Microsoft Excel™ for further manipulation. The modulus for the asphalt,
base course, and subgrade were converted from Metric to English units and separated
by location. For this purpose, the data was analyzed for each roadway segment. The
average modulus for the pavement, base course, and subgrade was evaluated at the
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15,000 pound target loading in each lane of analysis. Typically, a comparison would
made for each test location between the four individual loads of 6,000 pounds, 9,000
pounds, 12,000 pounds and 15,000 pounds, and the average percent deviation was also
calculated. However, the variability of the asphalt sections and the “0” defiection results
at the outer sensors (because of the stiff subgrade) did not allow for a complete
comparison (the majority of the tests at lower loading yielded “0” deflections in the sixth
and seventh sensor which did not allow for complete calculation). In addition, there was
significant variability in the pavement sections. Calculation of every loading cycle for the
variable core results would require significant additional analysis, and based on the
variable pavement section, does not yield additional useful information (this was
attempted for one of the smaller analyzed sections).

The foamed asphalt exhibited a modulus similar to that of pavement, and distinguishing
between the two was not possible during the analysis. As shown, the modulus values
obtained are consistent with conventional asphalt.

The average resilient modulus of the basé material was often lower than that of the
subgrade. Many times, the modulus of the subgrade exceeded one million psi. This is
likely due to rock cuts and dense cobbles/rock fragments which compose the subgrade
throughout many of the roadway aiignments. in addition, it may be the result of the
gradual contamination of the base course with fine material that has propagated upward.

During the analysis, the calculated modulus values of the asphalt and foamed asphalt
(which were treated as one section) are sensitive to the assumed asphalt thickness.
Based on the variability of the pavement sections (as exhibited in the core data provided
by CFLHD), it is not possible to ensure that all calculated modulus values are perfectly
accurate since the pavement section changes frequently. During -one trial of the
analysis, the deflection data was analyzed using the same pavement section for each
test point, the procedure was repeated for every different pavement section. The
resulting modulus data from each assumed pavement section were then compared to
the one another. General trends and general ranges of results were identified and some
judgment was exercised in selecting the modulus used in the final analysis. For
example, although a test may be near an area where the asphalt core was 8.5-inches,
but the modulus values appear much more reasonable using an assumed asphalt
thickness of 9.5 inches, then the modulus values used were the more reasonable ones.
Based on the variability of the pavement sections, this approach appears reasonable
and resulted in more consistent modulus data.
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RESULTS AND CONCLUSIONS

The following table presents the general structural characteristics of the pavement
sections and underlying subgrade materials determined for the subject roadway
alignments that were evaluated using nondestructive testing:

£

Section Average Asphalt Average Base Course Average Subgrade
Modulus (psi) Modulus (psi) Modulus (psi}
Moraine Museum N. on 498,592 25,486 998,923
Bear Lake Road
Deer Ridge Junction to 230,752 8,521 81,684
Horseshoe Overlook on ”
Fall River Road
Bear Lake Junction to 389,083 9,345 59,891
3M on Trail Ridge Road
42-'-'/""_’ '
( Deer Junction to 3M on 269,149 24,232 60,684
\ Trail Ridge Road . ’ '

As shown, the average modulus varies significantly from one section of roadway to
another. The subgrade modulus of the first section (Bear Lake Road from Moraine
Museum Entrance North) is extremely high, likely the result of the rock cuts that underlie
the roadway alignment. It is possible that these shallow rock formations also influenced
the modulus values calculated for the asphalt/foamed asphalt section, as the modulus
for the asphalt at this location was very high.

This report only addresses the structural capacity of the pavement sections at the areas
tested. With the high frequency of testing, it is assumed that general trends have been
identified with respect to the pavement section structural characteristics, however, it is
possible that additional areas exist that will exhibit different characteristics that have not
been identified in this report.

Additional Considerations: The performance of the pavement throughout the remaining

life will be influenced by changes in the subgrade moisture content and the traffic loads,
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especially at areas where heavy trucks perform sharp turning motions. As in most
mountainous regions, excessive runoff may occur from snowmelt or rain. This may
result in soft and yielding subgrade areas and may require additional maintenance
throughout the design life, especially if some of the seasons are subjected to more
precipitation than usual. It is important that routine maintenance is performed to seal
cracks, repair distressed areas and thin overlays may be required throughout the:
remaining life of this pavement structure in order to maintain acceptable performance of
the pavement. Additionally, care should be taken during the proposed construction so
that excessive turning motions of the construction equipment does not negatively impact
the pavement.

LIMITATIONS

This report has been prepared in accordance with generally accepted geotechnical and
pavement engineering practices in this area for use by the client for design purposes.
The conclusions and recommendations submitted in this report are based upon the data
obtained from the NDT test results, our on-site observations and the information
provided by the client. If the referenced data used in the analysis appears to be
inconsistent with the subject project, this office should be advised at once so that
reevaluation of the conclusions may be made.

Sincerely,

GROUND ENGINEERING CONSULTANTS, INC.

ANDREW SUEDKAMP, P.E.

Reviewed by Richard J. Suedkamp, P.E.
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The Deflection Analysis of Pavement Structures (DAPS) computer software, version
1.5.1, by Abatech, Inc. is a Windows-based software package specifically designed to
provide back-calculation of the stiffness moduli (resilient modulus) of the layers within a
pavement system.

Prior to the back-calculation procedure, the user must input information for each.
pavement layer. For this project, the following data was used:

Material Layer Void Ratio Density (kn/mcu)
Asphalt 0.3 24
Base Course 0.4 22
Subgrade 0.45* 20™*

* This value was adjusted from 0.4 to 0.45 with only negligible changes to the resulting asphalt, base course, and
subgrade modulus values.

** This value was adjusted from 20 to 22 kn/mcu with only negligible changes to the resulting asphalt, base course,
and subgrade modulus values. :

In addition, the user is allowed to change specific thicknesses from one pavement
segment to the next, by selecting specific stations that were recorded during the testing.
For example, the user can input that from station 0.0 km to 1.6 km the pavement
thickness is 150 mm, the granular base is 230 mm and the subgrade is a thickness of 3
meters (underlain by bedrock), and then the section changes from station 1.6 km to 3.2
km to consist of 160 mm of asphalt, 200 mm of granular base, and 5 meters of subgrade
(underlain by bedrock).

The layer thickness information was adjusted according to the information provided by
CFLHD in the summary report prepared for this project. In order to account for possible
deviations in the asphalt, base, and subgrade thickness, the back-calculation was
performed using various combinations of each that were within 5 to 10 percent of the
thickness information provided in the summary of the borings performed by CFLHD.
This was performed to incorporate an additional Factor of Safety. The depth to bedrock
(subgrade thickness) was adjusted from 1 meter below the existing pavement surface to
over 10 meters below the existing pavement surface. The resulting modulus values
using various combinations of thicknesses outlined above were not observed to change
by more than 1 to 2 percent.

The pavement temperature was corrected to 68 degrees Fahrenheit for the analysis,
which incorporated a correction factor of approximately 1.0 to 2.0 (for pavement
temperatures over 120 degrees Fahrenheit, the correction of 2.0 was applied in the
analysis).




Appendix B

Asphalt, Base Course and Subgrade Resilient
Modulus Calculations
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Appendix C

Summary of Field Deflection Results



Appendix C

Summary of Field Deflection Results -

Moraine Park Museum North on Bear Lake Road



M3

Date-Time: 7-17-2003 7:42: 2

Sensors: CHOP CHOP Chop Chop Chop Chop Chop
Weight/spring: 2

Location: Rocky Mount Natl Park

Temp : 93.18

Operator: ajs

Comments: FHWA Testing

11 0.000 1 6.32 6.73 5.83 5.12 4.23 3.49
11 0.000 1 9.11 10.13 8.78 7.70 6.35 5.19 .46 2.47 83.5

11 0.000 1 11.96 13.61 11.77 10.23 8.44 6.92 .66 3.23 83.5

GPS: Quality : GPS Fi Latitude = 40°21.541302 N Longitude = 105°35.185957 W PDOP
= 1.90 :

GPS: State Plane Coordinates:

Note: morraine park musem start heading west

21 0.040 1 6.15 5.40 4.87 .42 3.78 3.22
21 0.040 1 8.91 7.74 6.91 .13 5.21 4.39 .10 2.24 83.9

21 0.040 1 11.91 10.60 -9.45 .39 7.14 6.03 .35 3.15 83.9

GPS: Quality : GPS Fi Latitude 40°21.549186 N Longitude = 105°35.212651 W PDOP
= 1.90

GPS: State Plane Coordinates:

Note: 72 degrees

.36 1.68 83.5

W

.33 1.76 83.9

I oo
& W

o 31 0.060 1 5.96 6.32 5.31 4.67 3.91 3.30 2.37 1.80 83.9
.5L@ 31 0.060 1 8.81 9.55 7.79 6.75 5.57 4.59 3.20 2.32 83.9
coe 31 0.060 1 11.82 13.09 10.66 9.24 7.63 6.32 4.47 3.25 83.9
GPS: Quality : GPS Fi Latitude = 40°21.552633 N Longitude = 105©35.222060 W PDOP
= 2.50
GPS: State Plane Coordinates:
Note: 72 degrees
4 1 0.124 1 6.25 5.52 4.59 3.95 3.13 2.49 1.58 1.15 84.6
4 1 0.124 1 9.13 8.20 6.79 5.83 4.60 3.63 2.29 1.66 84.6
4 1 0.124 1 12.08 11.03 9.17 7.82 6.20 4.92 3.17 2.22 84.6
GPS: Quality : GPS Fi Latitude = 40°21.557555 N Longitude = 105°35.262810 W PDOP
= 1.90
GPS: State Plane Coordinates:
Note: 72 degrees
51 0.240 1 6.05 4.36 3.25 2.50 1.78 1.27 0.00 0.00 90.5
. 51 0.240 1 9.11 6.85 5.00 3.85 2.75 1.98 1.04 0.00 90.5
! 51 0.240 1 11.87 9.15 6.62 5.10 3.65 2.64 1.40 0.91 90.5
! GPS: Quality : GPS Fi Latitude = 40°21.547045 N Longitude = 105°35.350524 W PDOP
=.3.10
GPS: State Plane Coordinates:
Note: 72 degrees
6 1 0.342 1 5.98 3.78 2.44 1.76 0.00 0.90 0.00 0.00 82.8
6 1 0.342 1 9.13 6.04 3.82 2.74 1.87 1.39 0.92 0.00 82.8
61 0.342 1 12.11 8.23 5.12 3.69 2.51 1.87 1.17 0.93 82.8
GPS: Quality : GPS Fi Latitude = 40°21.550796 N Longitude = 105°35.422052 W PDOP
= 4.00
GPS: State Plane Coordinates:
Note: 74 degrees
6 1 0.350 1 6.05 5.08 3.46 2.47 1.76 1.25 0.00 0.00 83.9
6 1 0.350 1 8.98 7.95 5.25 3.77 2.59 1.91 1.12 0.82 83.9
6 1 0.350 1 11.82 10.83 7.12 5.13 3.53 2.60 1.51 1.07 83.9
GPS: Quality : GPS Fi Latitude = 40°21.551647 N Longitude = 105°35.423561 W PDOP
= 2.60
GPS: State Plane Coordinates:
Note: 77 degrees
71 0.370 1 6.01 3.19 2.05 1.51 0.00 0.81 0.00 0.00 79.5
71 0.370 1 9.03 5.06 3.14 2.30 1.65 1.26 0.75 0.00 79.5
71 0.370 1 12.11 6.88 4.24 3.11 2.25 1.72 1.05 0.67 79.5
GPS: Quality : GPS Fi Latitude = 40°21.611095 N Longitude = 105°35.437235 W PDOP
= 2.20
GPS: State Plane Coordinates:
Note: 75 degrees
8 1 0.550 1 6.15 3.10 2.53 1.95 1.43 1.05 0.00 0.00 97.4
8 1 0.550 1 8.96 4.75 3.84 3.01 2.18 1.61 0.89 0.61 97.4
8 1 0.550 1 11.82 6.38 5.11 4.03 2.93 2.16 1.22 0.75 97.4
GPS: Quality : GPS Fi Latitude = 40°21.635258 N Longitude = 105°35.367701 W PDOP



= 3.50
GPS: State Plane Coordinates:
Note: 76 degrees
91 0.665 1 6.08 2.52 1.78 1.49 0.00 0.88 0.00 0.00 91.9
9 1 0.665 1 8.98 3.81 2.68 2.14 1.64 1.31 0.89 0.69 91.9
9 1 0.665 1 12.28 5.49 3.88 3.09 2.35 1.87 1.26 0.95 91.9
GPS: Quality : GPS Fi Latitude = 40°21.632057 N . Longitude = 105°35.286786 W PDOP
= 2.40
GPS: State Plane Coordinates:
Note: 79 degrees
10 1 0.770 1 6.32 4.08 3.02 2.37 1.63 1.12 0.00 0.00 190.1
10 1 0.770 1 9.03 5.90 4.35 3.40 2.35 1.65 0.88 0.00 090.1
s b 10 1 0.770 1 12.01 7.76 5.68 4.47 3.12 2.19 1.13 0.79 90.1
3 GPS: Quality : GPS Fi Latitude = 40°21.611684 N Longitude = 105°935.217320 W PDOP
= 2.70
GPS: State Plane Coordinates:
Note: 77 degrees
11 1 0.866 1 8.86 5.91 4.38 3.42 2.46 1.89 1.18 0.81 94.5
11 1 0.866 1 11.74 7.88 5.83 4.52 3.30 2.53 1.56 1.03 094.5
11 1 0.866 1 14.84 9.85 7.27 5.64 4.09 3.17 1.97 1.27 94.5
GPS: Quality : GPS Fi Latitude = 40°21.601311 N Longitude = 105°35.150485 W PDOP
= 2.60
" GPS: State Plane Coordinates:
Note: 81 degrees
12 1 0.953 1 8.91 8.16 5.81 4.46 3.06 2.14 1.06 0.66 91.9
12 1 0.953 1 11.77 10.69 7.58 5.82 4.00 2.80 1.39 0.87 91.9
3
5

12 1 0.953 1 14.77 13.09 9.21 7.07 4.86 .41 1.72 1.02 91.9

GPS: Quality : GPS Fi Latitude = 40°21.59763 N Longitude = 105°35.088373 W PDOP
= 2.40

GPS: State Plane Coordinates:

Note: 84 degrees

13 1 0.970 1 8.98 9.50 7.21 5.74 4.05 2.84 1.46 1.00 93.4

13 1 0.970 1 11.87 12.62 9.49 7.53 ©5.36 3.75 1.93 1.29 93.4

13 1 0.970 1 14.82 15.55 11.48 9.17 6.54 4.59 2.47 1.58 93.4

GPS: Quality : GPS Fi Latitude = 40°21.597025 N Longitude = 105°35.078675 w PDOP
= 2.90

GPS: State Plane Coordinates:

Note: Off Foamed Section, 84 degrees

14 1 0.991 1 9.13 8.68 6.31 4.58 2.82 1.97 0.99 0.70 94.8

14 1 0.991 1 11.99 11.63 8.43 6.11 3.81 2.66 1.37 0.86 94.8

14 1 0.991 1 14.89 14.19 10.23 7.41 4.61 3.23 1.68 1.05 94.8

GPS: Quality : GPS Fi Latitude = 40°21.596549 N Longitude = 105°35.066663 W PDOP
= 2.60

GPS: State Plane Coordinates:

Note: 84 degrees

15 1 1.005 1 8.91 6.76 4.50 3.65 2.52 1.75 1.01 0.76 96.3

15 1 1.005 1 11.94 8.95 5.97 4.80 3.33 2.36 1.33 0.97 96.3

15 1 1.005 1 15.11 10.89 7.28 5.88 4.09 2.92 1.68 1.16 96.3

GPS: Quality : GPS Fi Latitude = 40°21.595697 N Longitude = 105°35.057027 w PDOP
= 2.30

GPS: State Plane Coordinates:

Note: 84 degrees, end

16 1 1.024 1 8.84 11.65 9.83 8.38 6.54 5.03 3.04 2.10 93.8

16 1 1.024 1 11.87 15.57 13.24 11.18 8.78 6.75 4.16 2.79 93.8

16 1 1.024 1 14.48 18.88 15.92 13.45 10.58 8.18 5.10 3.40 093.8

GPS: Quality : GPS Fi Latitude = 40°21.595781 N Longitude = 105°35.043234 W PDOP
= 3.50

GPS: State Plane Coordinates:

Note: Heading Back to Morraine Museum, 84 degrees

17 1 0.000 1 9.03 7.53 6.13 4.92 3.62 2.71 1.62 1.18 90.8

17 1 0.000 1 11.99 10.09 8.22 6.56 4.88 3.72 2.22 1.54 090.8

17 1 0.000 1 14.87 12.34 9.89 7.96 5.95 4.56 2.76 1.85 190.8

GPS: Quality : GPS Fi Latitude = 40°21.596881 N Longitude = 105©935.069476 W PDOP
= 2.40

GPS: State Plane Coordinates:

Note: 82 degrees

18 1 0.021 1 8.94 8.79 6.51 5.37 4.01 2.97 1.62 1.09 87.2

18 1 0.021 1 12.04 11.48 8.53 7.00 5.22 3.87 2.09 1.40 87.2



18 1 0.021 1 14.77 13.71 10.13
GPS: Quality : GPS Fi Latitude
= 2.30

GPS: State Plane Coordinates:
Note: 84 degrees

19 1 0.037 1 8.91 9.31 6.58
19 1 0.037 1 12.11 12.37 8.63
19 1 0.037 1 15.01 15.13 10.39
GPS: Quality : GPS Fi Latitude
= 2.30

GPS: State Plane Coordinates:
Note: 83 degrees

20 1 0.131 1 9.11 4.90 3.72
20 1 0.131 1 11.99 6.54 4.97
20 1 0.131 1 14.94 8.12 +6.17
GPS: Quality : GPS Fi Latitude
= 3.00

GPS: State Plane Coordinates:
Note: 84 degrees

21 1 0.229 1 8.76 6.21 4.51
21 1 0.229 1 12.04 8.56 6.23
21 1 0.229 1 14.89 10.51 7.64
GPS: Quality : GPS Fi Latitude
= 2.20

GPS: State Plane Coordinates:
Note: 84 degrees

22 1 0.341 1 8.86 4.86 3.76
22 1 0.341 1 11.82 6.89 5.25
22 1 0.341 1 14.92 8.78 6.68
GPS: Quality : GPS Fi Latitude

= 2.70
GPS: State Plane Coordinates:

Note: 84 degrees, Near Test 9

23 1 0.443 1 9.11 6.78 4.79
23 1 0.443 1 12.28 9.28 6.51
23 1 0.443 1 15.41 11.49 7.95
GPS: Quality : GPS Fi Latitude
= 2.70

GPS: State Plane Coordinates:
Note: 80 degrees

24 1 0.545 1 9.11 5.83 3.48
24 1 0.545 1 11.96 7.74 4.67
24 1 0.545 1 14.97 9.67 5.76
GPS: Quality : GPS Fi Latitude
= 2.70

GPS: State Plane Coordinates:
Note: 81 degrees

25 1 0.648 1 8.81 7.66 6.11
25 1 0.648 1 11.72 10.28 8.17
25 1 0.648 1 14.58 12.94 10.17
GPS: Quality : GPS Fi Latitude
= 4.00

GPS: State Plane Coordinates:
Note: 84 degrees

26 1 0.747 1 8.98 6.65 5.05
26 1 0.747 1 11.%94 9.01 6.89
26 1 0.747 1 14.99 11.10 8.41
GPS: Quality : GPS Fi Latitude
= 2.60

GPS: State Plane Coordinates:
Note: 84 degrees

27 1 0.851 1 8.84 10.49 8.49
27 1 0.851 1 11.84 14.13 11.40
27 1 0.851 1 14.75 17.68 14.20
GPS: Quality : GPS Fi Latitude
= 2.10

GPS: State Plane Coordinates:
Note: 86 degrees

8.29
= 40°21.597542

4.95 3.49 2
6.53 4.57 3
7.82 5.50 4
= 40°21.597681

3.14 2.47 1
4.18 3.31 2
5.16 4.08 3
= 40°21.602268

3.68 2.75 2
5.08 3.76 2
6.23 4.62 3
= 40°21.616118

3.09 2.40 1
4.35 3.32 2.
5.50 4.19 3
= 40°21.633245

3.63 2.46 1.
4.93 3.34 2
6.05 4.10 2

= 40°21.634302

2.49 1.63 1
3.35 2.17 1.
4.19 2.72 1
= 40°21.609146

5.03 3.82 2
6.75 5.14 3.
8.43 6.44 4
= 40°21.553900

4.06 2.91 2
5.56 4.01 2.
6.86 4.99 3
= 40°21.541436

7.09 5.45 4
9.47 7.26 5
11.72 8.98 6.
= 40°21.554694

6.18 4.

59

.54
.36
.04

.94
.59
.23

.10
.87
.53

.83

59

.31

73

.36
.92

.11

49

.90

.91

93

.95

.05

87

.63

.14
.52

79
N

2.57 1.65 87.2

Longitude = 105°35.

1.51 1.13 87.9
1.96 1.46 87.9
2.40 1.77 87.9
Longitude = 105°35
1.20 0.89 90.8
1.63 1.13 90.8
2.04 1.38 90.8

Longitude = 105°35

1.27 0.91 89.7
1.77 1.21 89.7
2.16 1.44 89.7

Longitude = 105°35

1.20 0.85 91.9
1.63 1.18 091.9
2.07 1.48 91.9

Longitude = 105°35

0.90 0.00 92.3
1.21 0.88 92.3
1.53 1.07 092.3

Longitude = 105°35

0.00 0.00 78.0
0.81 0.00 78.0
0.97 0.80 78.0

Longitude = 105°35

1.68 1.10 83.5
2.32 1.45 83.5
2.90 1.80 83.5

Longitude = 105935

1.07 0.00 89.7
1.46 0.98 89.7
1.91 1.25 89.7

Longitude = 105935

2.31 1.38 94.8
3.11 1.81 94.8
3.81 2.17 94.8

Longitude = 105935

084592

.095161

.162296

.231206

.297058

.375636

.441037

.432503

.363361

.291816

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP



28 1 0.957 1 9.01 8.70 6.90 5.80 4.66 3.71 2.55 1.92 94.8
28 1 0.957 1 12.28 12.13 9.71 8.14 6.62 5.34 3.76 2.80 94.8
28 1 0.957 1 15.04 14.51 11.58 9.62 7.80 6.23 4.36 3.17 94.8
GPS: Quality : GPS Fi Latitude = 40°921.548753 N Longitude = 105°35.217140 W PDOP
= 2.60
GPS: State Plane Coordinates:
Note: 84 degrees
29 1 0.999 1 8.94 10.40 8.12 6.69 5.25 4.13 2.67 1.93 92.7
29 1 0.999 1 11.79 13.89 10.83 8.88 6.99 5.50 3.61 2.52 92.7
6.
7

29 1 0.999 1 14.65 17.16 13.25 10.82 8.54 70 4.45 3.05 92.7

GPS: Quality : GPS Fi Latitude = 40°21.54047 N Longitude = 105©35.188641 W PDOP
= 2.10 :
GPS: State Plane Coordinates:

Note: 84 degrees

30 1 1.016 1 8.86 12.78 7.46 6.32 4.90
30 1 1.016 1 11.79 16.27 9.64 8.21 6.43
30 1 1.016 1 14.79 19.17 11.69 9.91 7.82
GPS: Quality : GPS Fi Latitude = 40°21.53635
= 2.10

GPS: State Plane Coordinates:

Note: 84 degrees Off Foamed Section

31 1 1.035 1 8.69 19.36 13.80 9.72 6.11
31 1 1.035 1.11.62 26.28 18.32 12.83 8.04
31 1 1.035 1 14.23 32.20 21.86 15.37 9.61
GPS: Quality : GPS Fi Latitude = 40°21.53050
= 2.10

GPS: State Plane Coordinates:

Note: 85 degrees, Off foamed Section

:
3
2

.81 2.45 1.77 92.3
.01 3.23 2.36 92.3
.11 4.01 2.87 92.3
N Longitude = 105°©35.179059 W PDOP

NoOYUT W

.03 2.38 1.81 94.8
.31 3.12 2.35 94.8
.36 3.70 2.84 94.8
N Longitude = 105°935.167848 W PDOP

oY U1 i




Appendix C

Summary of Field Deflection Results -

Trail Ridge Road — Bear Lake Junction to 3M



M3

Date-Time: 7-17-2003 9:20:25

Sensors: CHOP CHOP Chop Chop Chop Chop Chop
Weight/spring: 2

Location: Rocky Mount Natl Park

Temp: 115.83

Operator: ajs

Comments: FHWA Testing

11 0.008 1 6.15 4.62 3.32 2.55 1.86 1.41 0.81 0.00 100.0 N

11 0.008 1 9.03 7.19 5.09 3.92 2.86 2.17 1.23 0.79 100.0

11 0.008 1 12.04 9.64 6.83 5.29 3.84 2.95 1.67 1.05 100.0

GPS: Quality : GPS Fi Latitude = 40°22.002588 N Longitude = 105°35.238349 W PDOP
) L = 1.80

GPS: State Plane Coordinates:

Note: Bear Lake Junction to 3M, 89 Degrees

21 0.100 1 6.03 4.15 3.27
21 0.100 1 8.91 6.50 5.07
21 0.100 1 11.82 8.92 6.94
GPS: Quality : GPS Fi Latitude

.69 2.06 1.56
.17 3.18  2.42 .40 0.98 102.2
.71 4.37 3.31 .95 1.30 102.2
40°22.024378 N Longitude = 105°35.300509 w PDOP

.94 0.00 102.2

I U N W
PR o

= 1.70
GPS: State Plane Coordinates:
Note:

31 0.204 1 6.10 5.90 4.40 3.56 2.62 1.94 1.03 0.00 103.6

31 0.204 1 8.86 9.03 6.71 5.42 3.99 2.93 1.51 0.98 103.6

31 0.204 1 11.99 12.25 9.07 7.32 5.41 3.97 2.11 1.27 103.6

GPS: Quality : GPS Fi Latitude = 40°22.047811 N Longitude = 105°35.371113 W PDOP
= 1.50

GPS: State Plane Coordinates:

Note:

4 1 0.300 1 6.10 4.82 3.75 2.96 2.11 1.55 0.85 0.00 100.7

4 1 0.300 1 8.94 7.38 5.61 4.39 3.15 2.30 1.24 0.84 100.7

4 1 0.300 1 12.16 9.79 7.40 5.75 4.15 3.02 1.66 1.11 100.7

GPS: Quality : GPS Fi Latitude = 40°22.069784 N Longitude = 105°935.436251 W PDOP
= 2.70

GPS: State Plane Coordinates:

Note:

51 0.408 1 5.93 7.90 6.34 5.29 4.07 3.15 .91 1.26 102.5
51 0.408 1 8.74 12.33 9.78 8.05 6.21 4.79 .83 1.85 102.5
8
2

W=

51 0.408 1 11.79 16.83 13.27 10.89 .43 6.47 .88 2.45 102.5

GPS: Quality : GPS Fi Latitude = 40°22.094809 N Longitude = 105°35.509039 W PDOP
= 1.80

GPS: State Plane Coordinates:

Note: 85 degrees

6 1 0.500 1 5.93 5.79 4.51 3.59 2.66 1.96 1.09 0.00 107.3

6 1 0.500 1 8.96 9.05 6.88 5.49 4.07 3.00 1.63 1.10 107.3

6 1 0.500 1 11.84 11.98 9.03 7.18 5.29 3.89 2.15 1.37 107.3

GPS: Quality : GPS Fi Latitude = 40°22.132302 N Longitude = 105°35.551151 W PDOP
= 1.80

GPS: State Plane Coordinates:

Note:

71 0.600 1 5.96 8.33 7.05 6.08 4.90 3.91
7 1 0.600 1 8.94 13.18 11.13 9.52 7.70 6.17 .92 2.68 105.8
71 0.600 1 11.77 17.48 14.69 12.51 10.18 8.11 .26 3.55 105.8
GPS: Quality : GPS Fi Latitude = 40°22.179557 N Longitude = 105°35.520888 W PDOP

o = 1.80

’ GPS: State Plane Coordinates:

Note:
8 1 0.703 1 6.10 5.27 4.15
8 1 0.703 1 9.06 8.36 6.49
8 1 0.703 1 12.16 11.28 8.69
GPS: Quality : GPS Fi Latitude

.51 1.73 105.8

UurwiN

.44 2.63 1.99 .11 0.00 107.7
.07 3.07 .71 1.06 107.7
.15 5.43 4.09 .32 1.37 107.7

40°22.203187 N Longitude = 105°35.452325 W PDOP

U w
w
o
(1Y

N R

= 1.90

GPS: State Plane Coordinates:

Note:

9 1 0.801 1 6.23 5.08 3.82 3.04 2.26 1.71 1.06 0.00 176.5

9 1 0.801 1 9.06 8.07 6.01 4.77 3.53 2.70 1.60 1.12 176.5

91 0.801 1 11.87 10.77 7.97 6.35 4.74 3.61 2.20 1.43 76.5

GPS: Quality : GPS Fi Latitude = 40°22.220777 N Longitude = 105°©35.384241 w PDOP



= 2.50
GPS: State Plane Coordinates:
: Note:
o fﬂ 10 1 0.902 1 6.08 5.98 4.20 3.20 2.18 1.46 0.00 0.00 103.3
10 1 0.902 1 9.06 9.57 6.64 5.06 3.46 2.34 1.03 0.00 103.3
10 1 0.902 1 11.89 12.70 8.81 6.67 4.60 3.12 1.42 0.82 103.3
GPS: Quality : GPS Fi Latitude = 40°22.219209 N Longitude = 105°35.302265 W PDOP

= 1.80
GPS: State Plane Coordinates:
Note:

11 1 1.0041 5.96 6.83 4.80 3.80 2.87 2.20 1.44 1.09 105.5
11 1 1.004 1 9.11 11.25 7.91 6.25 4.70 3.61 2.33 1.71 105.5
[ 11 1 1.004 1 12.21 15.33 10.77 8.51 6.41 4.94 3.24 2.31 105.5
GPS: Quality : GPS Fi Latitude = 40°22.197433 N Longitude = 105°35.232867 W PDOP

= 1.80
GPS: State Plane Coordinates:
Note:

12 1 1.102 1 6.13 9.27 7.10 5.58 4.01 2.94 1.69 1.18 106.6
12 1 1.102 1 8.98 14.96 11.36 8.95 6.56 4.84 2.83 2.00 106.6
12 1 1.102 1 11.74 19.64 14.88 11.65 8.54 6.28 3.57 2.49 106.6
GPS: Quality : GPS Fi Latitude = 40°22.212260 N Longitude = 105©35.171227 W PDOP

= 1.80
- GPS: State Plane Coordinates:
o Note:

13 1 1.204 1 6.05 6.79 5.01 3.84 2.60 1.72 0.69 0.00 107.7
13 1 1.204 1 9.20 10.76 7.82 5.98 4.02 2.63 1.03 0.00 107.7
13 1 1.204 1 12.11 14.14 10.22 7.79 5.24 3.47 1.35 0.60 107.7
GPS: Quality : GPS Fi Latitude = 40°22.261155% N Longitude = 105°35.213183 W PDOP

= 1.90
GPS: State Plane Coordinates:
Note:

14 1 1.3031 6.03 6.02 4.84 4.08 3.09 2.30 1.21 0.00 106.6
14 1 1.303 1 8.81 9.64 7.74 6.47 4.92 3.64 1.88 1.06 106.6.
14 1 1.303 1 12.23 13.72 11.03 9.17 6.99 5.19 2.72 1.49 106.6
GPS: Quality : GPS Fi Latitude = 40°22.271713 N Longitude = 105°35.284745 W PDOP

= 1.80
GPS: State Plane Coordinates:
Note:

15 1 1.402 1 5.93 10.36 8.25 6.57 4.83 3.58 2.03 1.34 111.3
15 1 1.402 1 9.01 16.87 13.27 10.50 7.71 5.64 3.12 2.08 111.3
15 1 1.402 1 11.77 23.08 18.17 14.26 10.48 7.67 4.24 2.77 111.3
GPS: Quality : GPS Fi Latitude = 40°22.295717 N Longitude = 105©35.349468 W PDOP

= 1.80
GPS: State Plane Coordinates:
Note:

16 1 1.502 1 5.96 6.79 4.92 3.91 2.81 2.05 1.07 0.00 104.7
16 1 1.502 1 8.96 10.98 7.94 6.29 4.55 3.29 1.65 1.00 104.7
16 1 1.502-1 12.08 14.98 10.82 8.55 6.23 4.49 2.30 1.31 104.7
GPS: Quality : GPS Fi Latitude = 40°22.322200 N Longitude = 105°35.414363 W PDOP

= 2.20
GPS: State Plane Coordinates:
Note:

17 1 1.600 1 5.91 6.86 4.84 3.60 2.41 1.66 0.85 0.00 98.9
17 1 1.600 1 8.96 11.58 8.07 5.98 4.00 2.73 1.31 0.00 98.9
17 1 1.600 1 11.94 15.88 11.11 8.22 5.55 3.77 1.86 1.19 98.9
GPS: Quality : GPS Fi Latitude = 40°22.354717 N Longitude = 105°35.472839 W PDOP

= 1.80
GPS: State Plane Coordinates:
Note:

18 1 1.700 1 5.98 6.74 5.21 4.30 3.29 2.47 1.43 0.00 108.8
18 1 1.700 1 8.89 10.92 8.46 6.91 5.31 3.97 2.27 1.45 108.8
18 1 1.700 1 11.96 15.32 11.86 9.66 7.40 5.56 3.16 1.96 108.8
GPS: Quality : GPS Fi Latitude = 40°22.396991 N Longitude = 105°35.520905 W PDOP

= 1.90
GPS: State Plane Coordinates:
Note:

19 1 1.800 1 6.10 5.58 3.87 2.81 2.03 1.53 1.03 0.00 103.6
19 1 1.800 1 9.06 9.03 6.14 4.49 3.20 2.42 1.55 1.21 103.6



19 1 1.800 1 12.13 12.36
GPS: Quality : GPS Fi
= 2.20

GPS: State Plane Coordinates:
Note:

8.42
Latitude

20 1 1.901 1 5.86 9.17 6.79
20 1 1.901 1 9.01 14.96 10.90
20 1 1.901 1 11.96 20.09 14.70
GPS: Quality : GPS Fi Latitude
= 2.30

GPS: State Plane Coordinates:
Note: 94 degrees

21 1 2.002 1 5.98 4.16 3.41
21 1 2.002 1 9.06 6.83 5.55
21 1 2.002 1 11.96 9.59 7.79
GPS: Quality : GPS Fi Latitude
= 2.30

GPS: State Plane Coordinates:
Note:

22 1 2.102 1 6.05 7.61 5.87
22 1 2.102 1 9.06 11.99 9.22
22 1 2.102 1 11.87 16.11 12.42
GPS: Quality : GPS Fi Latitude
= 2.30

GPS: State Plane Coordinates:
Note:

23 1 2.199 1 6.20 6.11 4.27
23 1 2.199 1 8.96 9.68 6.66
23 1 2.199 1 11.96 13.38 9.17
GPS: Quality : GPS Fi Latitude
= 1.90

GPS: State Plane Coordinates:
Note:

24 1 2.302 1 5.98 5.56 3.58
24 1 2.302 1 9.13 9.41 5.93
24 1 2.302 1 12.06 12.73 8.32
GPS: Quality : GPS Fi Latitude
= 5.20

GPS: State Plane Coordinates:
Note:

25 1 2.401 1 5.98 4.57 3.29
25 1 2.401 1 8.94 7.54 5.35
25 1 2.401 1 12.26 10.75 7.59
GPS: Quality : GPS Fi Latitude
= 2.50

GPS: State Plane Coordinates:
Note:
26 1 2.504 1 5.79 18.46 15.62
26 1 2.504 1 8.67 28.66 23.80
26 1 2.504 1 11.55 38.40 32.03
GPS: Quality : GPS Fi Latitude
= 1.90

GPS: State Plane Coordinates:
Note:
27 1 2.602 1 5.96 8.21 6.45
27 1 2.602 1 9.03 13.32 10.35
27 1 2.602 1 11.82 18.07 13.96
GPS: Quality : GPS Fi Latitude
= 1.60

GPS: State Plane Coordinates:
Note:
28 1 2.700 1 6.01 8.48 7.01
28 1 2.700 1 8.89 13.76 11.32
28 1 2.700 1 11.89 18.71 15.29
GPS: Quality : GPS Fi Latitude
= 1.70

GPS: State Plane Coordinates:
Note:

6.21 4.43 3
= 40°22.442984

5.15 3.56 2
8.25 5.70 4.
11.05 7.69 5
= 40°22.481998

2.84 2.15 1
4.62 3.51 2.
6.47 4.95 3
= 40°22.515033

4.79 3.50 2
7.47 5.47 3
10.02 7.42 5
= 40°22.547116

3.13 2.12 1
4.92 3.34 2.
6.78 4.64 3
= 40°22.584569

2.70 '1.%94 1
4.48 3.22 2.
6.29 4.47 3
= 40°22.636503

2.55 1.89% 1
4.16 3.01 2.
5.92 4.26 3
= 40°22.687411

12.67

25.29 18.77 13
= 40°22.736171

5.22 3.98 3
8.35 6.35 4.
11.29 8.64 6
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29 1 2.752 1 6.03 8.63 5.98 4.50 3.07 2.14 1.02 0.00
29 1 2.752 1 9.01 13.32 9.04 6.79 4.62 3.19 1.52 0.83
29 1 2.752 1 12.08 17.52 11.73 8.79 5.97 4.14 1.96 1.08
GPS: Quality : GPS Fi Latitude = 40©22.843357 N Longitude
= 2.50

GPS: State Plane Coordinates:

Note: Estimated Start of Area (re)constructed in 1998

30 1 2.849 1 5.96 10.05 8.51 7.25 5.62 4.32 2.54 1.60
30 1 2.849 1 9.06 15.48 12.92 10.82 8.35 6.38 3.70 2.23
30 1 2.849 1 11.65 19.73 16.44 13.70 10.60 8.12 4.76 2.89
GPS: Quality : GPS Fi Latitude = 40°22.891052 N Longitude
= 2.50

GPS: State Plane Coordinates:

Note: 1998 Section

31 1 2.955 1 5.98 8.40 6.69 5.55 4.18 3.10 1.57 0.82
31 1 2.955 1 8.81 12.74 9.96 8.22 6.18 4.55 2.29 1.14
31 1 2.955 1 11.72 16.84 13.08 10.73 8.05 5.94 3.01 1.47
GPS: Quality : GPS Fi Latitude = 40°22.899958 N Longitude
= 2.30

GPS: State Plane Coordinates:

Note: 1998 Section

32 1 3.053 1 5.98 6.29 4.93 3.98 2.98 2.28 1.38 0.92
32 1 3.053 1 9.33 10.06 7.85 6.27 4.74 3.62 2.14 1.42
32 1 3.053 1 11.94 13.14 10.24 8.21 6.21 4.77 2.85 1.83
GPS: Quality : GPS Fi Latitude = 40°22.861105 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: 1998 Section

33 1 3.160 1 6.05 4.48 3.23 2.51 1.79 1.29 0.00 0.00
33 1 3.160 1 9.01 7.09 5.06 3.92 2.76 2.02 1.15 0.80
33 1 3.160 1 12.11 9.78 6.96 5.36 3.77 2.75 1.59 1.06
GPS: Quality : GPS Fi Latitude = 40°22.839788 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: 1998 Section

34 1 3.251 1 5.96 5.66 4.41 3.59 2.81 2.26 1.48 1.01
34 1 3.251 1 8.98 9.04 6.95 5.61 4.38 3.50 2.23 1.53
34 1 3.251 1 11.89 12.14 9.24 7.44 5.81 4.63 2.97 1.97
GPS: Quality : GPS Fi Latitude = 40°22.868081 N Longitude
= 1.60

GPS: State Plane Coordinates:

Note: 1998 Section

35 1 3.352 1 6.05 9.94 8.19 6.92 5.33 3.99 1.90 1.06
35 1 3.352 1 8.91 15.33 12.50 10.50 8.13 6.04 2.84 1.54
35 1 3.352 1 11.84 20.04 16.26 13.60 10.56 7.87 3.76 2.00
GPS: Quality : GPS Fi Latitude = 40°22.923224 N Longitude
= 1.60

GPS: State Plane Coordinates:

Note: 1998 Section

36 1 3.453 1 6.03 5.62 4.05 3.23 2.35 1.71 0.94 0.00
36 1 3.453 1 9.16 8.97 6.48 5.18 3.75 2.71 1.45 0.94
36 1 3.453 1 12.01 12.09 8.72 6.94 4.99 3.64 1.99 1.20
GPS: Quality : GPS Fi Latitude = 40°22.969826 N Longitude
= 1.80

GPS: State Plane Coordinates:

Note: 1998 Section

37 1 3.551 1 6.01 7.36 5.47 4.38 3.28 2.48 1.41 0.00
37 1 3.551 1 8.86 11.47 8.40 6.67 5.04 3.79 2.12 1.31
37 1 3.551 1 11.89 15.28 11.10 8.81 6.66 5.04 2.86 1.74
GPS: Quality : GPS Fi Latitude = 40°23.018656 N Longitude
= 2.60

GPS: State Plane Coordinates:

Note: 1998 Section

38 1 3.651 1 5.88 8.92 6.91 5.53 4.04 2.88 1.51 0.93
38 1 3.651 1 8.96 13.86 10.59 8.45 6.14 4.42 2.31 1.41
38 1 3.651 1 12.01 18.73 14.22 11.29 8.23 5.93 3.08 1.92
GPS: Quality : GPS Fi Latitude = 40°23.070772 N Longitude

= 1.80
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GPS: State Plane Coordinates:
Note: 1998 Section
39 1 3.751 1 6.08 7.78 6.30 5.12 3.78 2.80 1.47 0.87 107.3
39 1 3.751 1 9.08 12.29 9.82 7.93 5.82 4.31 2.26 1.31 107.3
39 1 3.751 1 12.16 16.10 12.86 10.28 7.55 5.57 2.99 1.70 107.3
GPS: Quality : GPS Fi Latitude = 40°23.121289 N Longitude = 105°936.354330 W PDOP
= 1.90
GPS: State Plane Coordinates:
Note: 1998 Section
40 1 3.8511 6.15 4.12 3.17 2.65 2.01 1.51 0.88 0.00 108.8
40 1 3.851 1 9.11 6.43 4.92 4.12 3.12 2.36 1.34 0.83 108.8
40 1 3.851 1 12.28 8.87 6.77 5.63 4.28 3.25 1.86 1.10 108.8
e GPS: Quality : GPS Fi Latitude = 40°23.154996 N Longitude = 105°36.412659 W PDOP
: = 2.60
GPS: State Plane Coordinates:
Note: 1998 Section
41 1 3.951 1 6.23 3.71 2.68 2.17 1.59 1.12 0.00 0.00 115.0
41 1 3.9517 1 9.08 5.90 4.26 3.44 2.47 1.78 0.91 0.00 115.0
41 1 3.951 1 12.26 8.35 6.02 4.85 3.50 2.52 1.31 0.78 115.0
GPS: Quality : GPS Fi Latitude = 40°23.172768 N Longitude = 105°36.481533 W PDOP
= 1.90
GPS: State Plane Coordinates:
Note: 1998 Section
42 1 4.051 1 6.18 7.56 4.87 3.34 1.93 1.15 0.00 0.00 113.9
42 1 4.051 1 9.16 11.38 7.38 5.12 2.95 1.81 0.85 0.00 113.9
2
1

42 1 4.051 1 12.21 14.73 9.62 6.80 4.02 .52 1.16 1.18 113.9

GPS: Quality : GPS Fi Latitude = 40°23.19428 N Longitude = 105°36.546628 W PDOP
= 1.90

GPS: State Plane Coordinates:

Note: 1998 Section

43 1 4.051 1 6.08 10.39 7.90 6.06 4.06 2.78 1.38 0.80 107.7

43 1 4.051 1 8.91 15.27 11.41 8.75 5.98 4.14 2.10 1.24 107.7

43 1 4.051 1 11.94 20.21 15.00 11.43 7.87 5.53 2.80 1.71 107.7

GPS: Quality : GPS Fi Latitude = 40°23.200732 N Longitude = 105°36.561393 W PDOP
= 1.90

GPS: State Plane Coordinates:

Note: End of 1998 Section

44 1 4.095 1 6.18 9.09 5.81 3.83 2.10 1.29 0.00 0.00 113.5

44 1 4.095 1 9.03 13.57 8.43 5.56 3.08 1.88 1.02 0.68 113.5

44 1 4.095 1 12.11 17.74 11.00 7.22 4.01 2.48 1.31 0.99 113.5

GPS: Quality : GPS Fi Latitude = 40°23.212678 N Longitude = 105°36.588894 W PDOP

= 1.70
GPS: State Plane Coordinates:
Note:

45 1 4.112 1 6.08 9.43 6.90 5.33 3.56 2.41 1.22 0.82 110.2
45 1 4.112 1 9.08 14.35 10.43 7.99 5.37 3.68 1.87 1.22 110.2
45 1 4.112 1 11.89 18.72 13.57 10.39 7.03 4.83 2.41 1.60 110.2
GPS: Quality : GPS Fi Latitude = 40°23.216604 N Longitude = 105°36.600251 W PDOP

= 1.70
GPS: State Plane Coordinates:
Note:

46 1 0.000 1 6.03 9.89 7.68 6.28 4.58 3.22 1.53 0.83 117.9

46 1 0.000 1 8.89 15.30 11.71 9.57 6.99 4.90 2.30 1.20 117.9

46 1 0.000 1 11.74 20.35 15.61 12.70 9.32 6.57 3.07 1.59 117.9

GPS: Quality : DGPS Fix Latitude = 40°23.214445 N Longitude = 105°36.616407 W
PDOP = 1.70

GPS: State Plane Coordinates:

Note: Deer Ridge to 3M, 94 degrees, 1998, east end, just off paint

47 1 0.068 1 6.05 13.16 9.80 7.42 5.05 3.56 1.95 1.24 124.5

47 1 0.068 1 8.74 19.04 14.16 10.69 7.30 5.11 2.81 1.78 124.5

47 1 0.068 1 11.50 24.79 18.75 14.01 9.63 6.80 3.72 2.36 124.5

GPS: Quality : GPS Fi Latitude = 40°23.199555 N Longitude = 105°36.568384 W PDOP
= 2.00

GPS: State Plane Coordinates:

Note: Deer Ridge to 3M, 94 degrees, heading east, 1998, east end,

48 1 0.089 1 5.93 13.99 10.48 7.87 5.33 3.59 1.68 0.93 121.2

48 1 0.089 1 8.91 21.55 15.95 11.88 8.01 5.43 2.51 1.41 121.2

48 1 0.089 1 11.50 27.18 20.26 14.81 10.05 6.82 3.17 1.72 121.2



GPS: Quality
= 2.00
GPS: State Plane Coordinates:

GPS Fi Latitude = 40°23.194503 N Longitude

Note: Deer Ridge to 3M, 94 degrees, heading east, 1998, east end just indside foamed

49 1 0.154 1 6.23 3.08 2.14 1.65 0.00 0.82 0.00 0.00
49 1 0.154 1 9.30 4.83 3.33 2.53 1.77 1.26 0.72 0.00
49 1 0.154 1 11.84 6.32 4.35 3.32 2.29 1.66 0.90 0.87
GPS: Quality GPS Fi Latitude = 40°23.178829 N Longitude
= 2.00

GPS: State Plane Coordinates:

= 105°36.555101

121.2
121.2
121.2
= 105°36.511792

Note: Deer Ridge to 3M, 95 degrees, heading east, 1998, 50m east of test 42

50 1 0.254 1 6.23 6.84 5.47 4.44 3.15 2.25 1.04 0.00
50 1 0.254 1 8.96 10.23 8.03 6.51 4.67 3.33 1.53 0.82
50 1 0.254 1 11.99 13.61 10.57 8.54 6.12 4.35 2.04 1.08
GPS: Quality : GPS Fi Latitude = 40°23.161775 N Longitude

= 2.60
GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 Section

51 1 0.3511 6.32 2.78 1.87 1.44 0.00 0.68 0.00 0.00
51 1 0.351 1 9.11 4.23 2.82 2.13 1.50 0.99 0.00 0.00
51 1 0.351 1 12.16 '5.59 3.71 2.81 1.88 1.31 0.73 0.00
GPS: Quality GPS Fi Latitude = 40°©23.135282 N Longitude
= 2.10

GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 Section

52 1 0.455 1 6.01 6.69 5.41 4.67 3.76 3.02 1.97 1.37
52 1 0.455 1 8.74 10.40 8.46 7.30 5.97 4.84 3.26 2.30
52 1 0.455 1 11.69 13.62 11.00 9.39 7.64 6.16 4.08 2.77
GPS: Quality GPS Fi Latitude = 40°23.089338 N Longitude
= 2.60

GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 Section

53 1 0.552 1 6.20 8.44 6.56 5.41 3.99 2.92 1.52 0.88
53 1 0.552 1 8.89 12.68 9.96 8.15 6.04 4.41 2.25 1.29
53 1 0.552 1 11.84 17.49 13.83 11.31 8.36 6.16 3.13 1.81
GPS: Quality GPS Fi Latitude = 40°23.036298 N Longitude
= 2.10

GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 Section

54 1 0.664 1 6.25 6.81>1 5.08 4.17 3.17 2.39 1.36 0.00
54 1 0.664 1 9.13 10.71 8.10 6.64 5.02 3.78 2.08 1.39
54 1 0.664 1 11.82 14.42 10.93 8.98 6.79 5.14 2.85 1.85
GPS: Quality GPS Fi Latitude = 40°22.977807 N Longitude
= 2.10

GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 section

55 1 0.754 1 6.23 5.30 3.75 2.91 2.24 1.71 1.12 0.00
55 1 0.754 1 9.06 8.28 5.83 4.52 3.39 2.66 1.71 1.25
55 1 0.754 1 12.06 11.53 8.12 6.28 4.69 3.65 2.33 1.66
GPS: Quality GPS Fi Latitude = 40°22.939857 N Longitude
= 2.10

GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 section,

56 1 0.880 1 6.10 15.80 12.08 9.34 6.36 4.28 1.97 1.08
56 1 0.880 1 8.72 23.13 17.65 13.62 9.38 6.27 2.85 1.54
56 1 0.880 1 11.57 31.50 24.21 18.51 12.80 8.62 3.92 2.06
GPS: Quality GPS Fi Latitude = 40°22.882738 N Longitude
= 2.10

GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 section,

57 1 0.953 1 6.25 11.98 9.66 7.87 5.90 4.40 2.38 1.39
57 1 0.953 1 9.08 17.80 14.26 11.59 8.70 6.47 3.47 2.02
57 1 0.953 1 11.96 23.50 18.77 15.24 11.49 8.58 4.62 2.66
GPS: Quality GPS Fi Latitude = 40°©22.842439 N Longitude
= 2.10

GPS: State Plane Coordinates:
Note: Deer Ridge to 3M, 94 degrees, heading east, 1998 section,
58 1 1.051 1 6.30 11.10 7.44 5.14 3.24 2.08 0.95 0.00
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58 1 1.051 1 ©92.08 16.19 10.76 7.47 4.73 3.05 1.37 0.80 118.3
58 1 1.051 1 12.06 21.60 14.17 9.86 6.30 4.08 1.82 1.08 118.3
GPS: Quality : GPS Fi Latitude = 40°22.846679 N Longitude = 105°36.184417 W PDOP
= 2.10 i .
GPS: State Plane Coordinates:
Note: 3M, 93 degrees, heading east, 1998 section
59 1 1.149 1 6.35 9.07 6.57 5.02 3.36 2.26 1.00 0.00 123.4
59 1 1.149 1 8.94 13.24 9.72 7.40 5.00 3.37 1.49 0.84 123.4
59 1 1.149 1 11.87 17.13 12.60 9.69 6.56 4.45 1.99 1.12 123.4
GPS: Quality : GPS Fi Latitude = 40°22.883375 N Longitude = 105©36.131130 W PDOP
= 2.60
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 1998 section
60 1 1.268 1 6.32 5.60 4.08 3.31 2.54 1.99 1.30 0.97 121.9
60 1 1.268 1 9.01L 8.49 6.13 4.95 3.76 2.95 1.92 1.37 121.9
60 1 1.268 1 11.87 11.50 8.29 6.68 5.07 3.98 2.55 1.85 121.9
GPS: Quality : GPS Fi Latitude = 40°22.896057 N Longitude = 105°36.053808 w PDOP
= 2.10
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 1998 section
61 1 1.356 1 6.25 11.52 9.02 7.27 5.34 3.91 2.16 1.31 115.4
61 1 1.356 1 9.06 16.99 13.12 10.59 7.72 5.64 3.05 1.88 115.4
; 61 1 1.356 1 11.89 22.26 17.09 13.72 10.03 7.33 3.99 2.50 115.4
::Fﬁ GPS: Quality : GPS Fi Latitude = 40°22.854885 N Longitude = 105°36.016930 W PDOP
o = 2.60
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 1998 section
62 1 1.409 1 6.49 10.14 8.21 6.94 5.41 4.16 2.49 1.63 117.9
62 1 1.409 1 9.11 14.95 12.04 10.15 7.96 6.13 3.68 2.38 117.9
62 1 1.409 1 11.82 19.48 15.65 13.13 10.31 7.97 4.86 3.08 117.9
GPS: Quality : GPS Fi Latitude = 40°22.829279 N Longitude = 105°35.997861 W PDOP
= 2.10
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section new section at 1.394 km
63 1 1.508 1 6.64 7.16 5.26 3.94 2.78 2.00 1.19 0.00 122.3
63 1 1.508 1 9.06 10.32 7.46 5.59 3.93 2.85 1.62 1.16 122.3
63 1 1.508 1 12.18 14.47 10.41 7.79 5.53 4.00 2.29 1.56 122.3
GPS: Quality : GPS Fi Latitude = 40°22.781165 N Longitude = 105°35.957000 w PDOP
= 2.50
GPS: State Plane Coordinates: _
Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section, 50 m past test 28
64 1 1.602 1 6.67 7.05 4.82 3.61 2.60 1.97 1.21 0.00 117.6
64 1 1.602 1 9.08 10.36 7.08 5.27 3.83 2.92 1.75 1.14 117.6
64 1 1.602 1 12.28 14.52 9.89 7.38 5.37 4.06 2.45 1.56 117.6
GPS: Quality : GPS Fi Latitude = 40°22.744044 N Longitude = 105°35.907619 W PDOP
= 2.10
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section
65 1 1.700 1 6.08 7.28 5.26 4.05 2.87 2.05 1.03 0.00 117.2
65 1 1.700 1 8.86 11.33 8.15 6.31 4.48 3.19 1.56 0.98 117.2
65 1 1.700 1 11.94 15.50 11.17 8.61 6.17 4.41 2.20 1.25 117.2
GPS: Quality : GPS Fi Latitude = 40°22.699860 N Longitude = 105©35.864445 W PDOP
= 2.10 ‘
GPS: State Plane Coordinates:
~ % Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section
66 1 1.801 1 6.08 7.45 5.39 4.50 3.63 2.94 1.99 1.44 120.8
66 1 1.801 1 8.91 12.03 8.74 7.22 5.75 4.68 3.09 2.20 120.8
66 1 1.801 1 11.89 16.43 11.98 9.82 7.82 6.33 4.23 2.97 120.8
GPS: Quality : GPS Fi Latitude = 40°22.648997 N Longitude = 105°35.833308 w PDOP
= 4.20
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section
67 1 1.898 1 5.98 6.34 4.17 3.24 2.41 1.79 1.10 0.00 122.7
67 1 1.898 1 9.01 10.28 6.77 5.25 3.82 2.89 1.70 1.14 122.7
67 1 1.898 1 12.06 14.17 9.43 7.29 5.35 3.99 2.37 1.56 122.7
GPS: Quality : GPS Fi Latitude = 40°22.598907 N Longitude = 105°35.803011 W PDOP
= 5.40
GPS: State Plane Coordinates:
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Note: 3M to Bear Lake, 87 degrees, heading east,
68 1 2.000 1 5.98 9.72 7.45 5.90 4.20 2.
68 1 2.000 1 9.08 15.59 11.85 9.38 6.65 4.
68 1 2.000 1 11.99 20.80 15.66 12.34 8.78 6.
GPS: Quality : GPS Fi Latitude = 40°22.554421
= 2.00

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
69 1 2.102 1 6.15 7.97 6.31 5.04 3.92 3.
69 1 2.102 1 9.18 12.98 10.10 8.05 6.17 4.
69 1 2.102 1 12.01 17.82 13.83 11.03 8.51 +&6.
GPS: Quality : GPS Fi Latitude = 40°22.520857
= 2.40

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
70 1 2.199 1 6.03 6.35 4.59 3.62 2.66 2.
70 1 2.199 1 9.01 10.20 7.27 5.73 4.17 3.
70 1 2.199 1 12.18 14.12 10.02 7.85 5.76 4.
GPS: Quality : GPS Fi Latitude = 40°22.488518
= 2.00

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
71 1 2.373 1 6.15 5.02 3.41 2.71 2.08 1.
71 1 2.373 1 9.13 7.89 5.32 4.18 3.14 2.
71 1 2.373 1 11.87 10.72 7.27 5.73 4.28 3.
GPS: Quality : GPS Fi Latitude = 40°22.451340
= 2.30

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
72 1 2.399 1 6.03 11.72 8.80 7.01 5.03 3.
72 1 2.399 1 8.91 18.72 14.03 11.10 7.97 5.
72 1 2.399 1 11.96 25.54 19.24 15.07 10.90 7.
GPS: Quality : GPS Fi Latitude = 40°22.406490
= 2.00

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
73 1 2.500.1 6.15 4.58 3.09 2.45 1.95 1.
73 1 2.500 1 8.94 7.14 4.79 3.76 2.88 2.
73 1 2.500 1 12.01 9.89 6.67 5.23 4.00 3.
GPS: Quality : GPS Fi Latitude = 40°22.361898
= 2.00

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
74 1 2.607 1 6.18 4.85 3.14 2.39 1.71 1.
74 1 2.607 1 9.25 7.69 4.98 3.77 2.64 1.
74 1 2.607 1 12.01 10.33 6.72 5.08 3.55 2.
GPS: Quality : GPS Fi Latitude = 40°22.324308
= 2.00

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
75 1 2.695 1 5.91 8.05 5.79 4.55 3.21 2.
75 1 2.695 1 9.03 13.21 9.40 7.37 5.20 3.
75 1 2.695 1 12.06 18.12 12.93 10.09 7.15 5.
GPS: Quality : GPS Fi Latitude = 40°22.300239
= 2.00

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
76 1 2.795 1 6.03 10.75 7.78 6.40 4.74 3.
76 1 2.795 1 8.98 17.17 12.50 10.20 7.57 5.
76 1 2.795 1 12.01 23.41 17.15 13.91-10.39 7.
GPS: Quality : GPS Fi Latitude = 40°22.274373
= 2.00

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
77 1 2.894 1 6.18 10.09 7.31 5.63 4.02 2.
77 1 2.894 1 8.96 15.79 11.29 8.69 6.21 4.
77 1 2.894 1 12.04 21.75 15.55 11.85 8.48 5.
GPS: Quality : GPS Fi Latitude = 40°22.260361

2002 section
97 1.47 0.94
68 2.29 1.41
i6 3.01 1.80

N Longitude

2002 section
10 2.06 1.61
76 3.06 2.26
62 4.34 3.16

N Longitude

2002 section
00 1.16 0.00
10 1.78 1.17
27 2.46 1.55

N Longitude

2002 section
62 1.10 0.00
43 1.59 1.27
31 2.16 1.67

N Longitude

2002 section
51 1.72 1.08
57 2.68 1.62
62 3.73 2.23

N Longitude

2002 section
52 1.07 0.00
28 1.55 1.20
19 2.15 1.58

N Longitude

2002 section
22 0.00 0.00
91 1.10 0.80
58 1.48 1.01

N Longitude

2002 section
26 1.13 0.00
64 1.76 1.07
02 2.44 1.45

N Longitude

2002 section
46 1.77 0.00
49 2.72 1.53
57 3.80 2.04

N Longitude

2002 section
83 1.40 0.00
36 2.14 1.28
99 2.97 1.76

N Longitude

123.0
123.0
123.0
= 105°35

123.4
123.4
123.4

= 105°35.

123.0
123.0
123.0
= 105°35

121.6
121.6
121.6
= 105°35

124.5
124.5
124.5

= 105°35.

124.5
124.5
124.5
= 105°35

122.7
122.7
122.7
= 105°35

121.2
121.2
121.2
= 105°35

121.9
121.9
121.9
= 105°35

125.6
125.6
125.6
= 105°35

.755389

694619

.636218

.577966

534515

.488115

.426099

.368948

.303049

.232673

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP



= 2.00
GPS: State Plane Coordinates:
R Note: 3M to Bear Lake, 87 degrees, heading east, 2002 section
’;?” 78 1 2.997 1 5.96 11.63 9.16 6.81 4.80 3.48 1.86 1.10 119.0
' 78 1 2.997 1 8.76 18.79 14.50 10.80 7.64 5.51 2.90 1.70 119.0
78 1 2.997 1 11.62 25.06 18.97 14.25 10.15 7.39 3.87 2.29 119.0
GPS: Quality : GPS Fi Latitude = 40°22.232525 N Longitude = 105°935.172255 W PDOP
= 2.00
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 87 degrees, heading east, 2002 section
79 1 3.096 1 5.96 10.47 7.88 6.33 4.76 3.62 2.20 1.60 117.6
79 1 3.096 1 8.74 16.07 11.95 9.48 7.08 5.27 3.08 2.16 117.6
loree 79 1 3.096 1 12.06 22.61 16.87 13.31 10.03 7.52 4.57 3.23 117.6
2 GPS: Quality : GPS Fi Latitude = 40°22.194649 N Longitude = 105°35.212239 W PDOP
= 2.00
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 87 degrees, heading east, 2002 section
80 1 3.187 1 6.03 6.79 4.47 3.30 2.43 1.86 1.22 0.00 119.4
80 1 3.197 1 9.30 11.14 7.23 5.33 3.86 2.97 1.89 1.44 119.4
80 1 3.197 1 12.18 14.72 9.50 6.99 5.08 3.92 2.50 1.82 119.4
GPS: Quality : GPS Fi Latitude = 40°22.215375 N Longitude = 105°35.281976 W PDOP
= 2.30
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 87 degrees, heading east, 2002 section
81 1 3.297 1 5.86 12.85 9.57 7.51 5.52 4.09 2.25 1.32 119.0
81 1 3.297 1 8.86 19.85 14.44 11.20 8.21 6.04 3.25 1.85 119.0
81 1 3.297 1 11.69 26.41 19.14 14.61 10.73 7.89 4.19 2.39 119.0
GPS: Quality : GPS Fi Latitude = 40°22.224035 N Longitude = 105°35.354585 W PDOP
= 1.90
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 88 degrees, heading east, 2002 section
82 1 3.399 1 6.08 6.30 4.08 3.15 2.25 1.61 0.89 0.00 119.8
82 1 3.399 1 9.25 9.82 6.29 4.85 3.42 2.46 1.33 0.88 119.8
82 1 3.399 1 12.40 13.07 8.38 6.44 4.50 3.26 1.73 1.10 119.8
GPS: Quality : GPS Fi Latitude = 40°22.212281 N Longitude = 105°935.427521 W PDOP
= 1.90
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section
83 1 3.499 1 6.10 8.91 6.55 5.02 3.66 2.69 1.50 1.00 119.8
83 1 3.499 1 9.13 14.07 10.18 7.76 5.61 4.14 2.29 1.50 119.8
83 1 3.499 1 12.06 18.44 13.30 10.04 7.31 5.40 3.00 1.93 119.8
GPS: Quality : GPS Fi Latitude = 40°22.189971 N Longitude = 105°35.495285 W PDOP
= 1.90
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section,
84 1 3.600 1 5.86 16.56 12.90 10.21 7.25 5.06 2.44 1.45 121.6
84 1 3.600 1 8.79 26.32 20.51 16.02 11.48 8.04 3.84 2.23 121.6
84 1 3.600 1 11.43 34.78 27.02 21.12 15.21 10.68 5.15 2.96 121.6
GPS: Quality : GPS Fi Latitude = 40°22.155447 N Longitude = 105°35.551464 W PDOP
= 1.90
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 89 degrees, heading east, 2002 section
85 1 3.700 1 5.96 11.69 8.56 6.77 4.97 3.64 1.99 1.30 125.2
85 1 3.700 1 9.03 18.74 13.66 10.71 7.90 5.75 3.13 2.01 125.2
Con 85 1 3.700 1 11.84 24.58 18.25 14.09 10.45 7.68 4.22 2.71 125.2
: GPS: Quality : GPS Fi Latitude = 40°22.104083 N Longitude = 105©35.535637 W PDOP
=1.90
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 88 degrees, heading east, 2002 section
86 1 3.800 1 6.10 4.38 2.71 2.13 0.00 1.23 0.86 0.00 121.9
86 1 3.800 1 9.28 6.86 4.27 3.30 2.47 1.96 1.33 1.03 121.9
86 1 3.800 1 12.33 9.35 5.83 4.51 3.40 2.68 1.84 1.35 121.9
GPS: Quality : GPS Fi Latitude = 40°22.078530 N Longitude = 105°©35.470134 W PDOP
= 2.20
GPS: State Plane Coordinates:
Note: 3M to Bear Lake, 88 degrees, heading east, 2002 section
87 1 3.902 1 6.18 7.06 4.65 3.43 2.51 1.83 1.07 0.00 121.9
87 1 3.902 1 9.01 11.04 7.14 5.23 3.77 2.77 1.62 1.12 121.9




87 1 3.902 1 12.28 15.17 9.73 7.08 5.09 3.

GPS: Quality GPS Fi Latitude = 40°22.055121
= 1.90 ’
GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 89 degrees, heading east,
88 1 4.108 1 6.13 9.51 6.98 5.40 3.96 2.
88 1 4.108 1 9.13 14.85 10.69 8.16 5.99 4.
88 1 4.108 1 12.01 19.86 14.22 10.88 7.98 5.
GPS: Quality GPS Fi Latitude = 40°22.033025
= 1.90

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 89 degrees, heading east,
89 1 4.113 1 6.05 5.54 3.86 2.92 2.08 1.
89 1 4.113 1 9.18 8.99 6.21 4.67 3.33 2.
89 1 4.113 1 12.11 12.33 8.59 6.46 4.57 3.
GPS: Quality GPS Fi Latitude = 40°22.008277
= 1.90

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
section

90 1 4.173 1 6.25 5.81 4.30 3.41 2.41 1.
90 1 4.173 1 9.01 8.66 6.45 5.09 3.63 2.
90 1 4.173 1 12.28 11.65 8.69 6.97 4.99 3.
GPS: Quality GPS Fi Latitude = 40°21.992569
= 1.90

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,
section

91 1 4.218 1 6.23 6.46 4.88 3.84 2.68 1.
91 1 4.218 1 9.20 9.51 7.29 5.71 4.05 2.
91 1 4.218 1 12.23 12.12 9.27 7.33 5.22 3.
GPS: Quality GPS Fi Latitude = 40°21.980896
= 1.80

GPS: State Plane Coordinates:

Note: 3M to Bear Lake, 87 degrees, heading east,

section

76 2.22 1.47
N Longitude
2002 section

94 1.68 1.12

45 2.53 1.63

94 3.34 2.18
N Longitude
2002 section

49 0.83 0.00

44 1.32 0.85

35 1.82 1.08
N Longitude
2002 section,

77 1.02 0.00

68 1.52 1.03

75 2.11 1.39
N Longitude
2002 section,

92 1.08 0.75

99 1.73 1.21

89 2.20 1.55
N Longitude

2002 section,

121.9

= 105°35.401260 W PDOP

85.3
85.3
85.3
= 105°35.335424

W PDOP

80.6
80.6
80.6
= 105©35.258338

W PDOP

east end, just on foam
117.9
117.9
117.9
105€35.219482

W PDOP

east end, just outside foam
119.8
119.8
119.8
= 105°35.190090

W PDOP

east end, just outside foam



Appendix C

Summary of Field Deflection Results -

Deer Ridge Junction to Horseshoe Overlook



Wi

M3

Date-Time: 7-17-2003 12: 0:39

Sensors: CHOP CHOP Chop Chop Chop Chop Chop

Weight/spring: 2

Location: Rocky Mount Natl Park

Temp: 118.07

Operator: ajs

Comments: FHWA Testing

11 0.0001 6.03 11.12 6.35 3.82 2.08 1.22 0.00 0.00 117.9

11 0.000 1 6.03 11.12 6.35 3.82 2.08 1.22 0.00 0.00 117.9
11 0.000 1 9.16 16.31 9.40 5.70 3.06 1.83 0.94 0.75 117.9

11 0.000 1 11.87 10.12 5.99 3.62 1.98 1.22 0.61 0.43 117.9
GPS: Quality : GPS Fi Latitude = 40°23.234836 N Longitude = 105°36
= 1.60

GPS: State Plane Coordinates:

Note: Fall River Road, 83 degrees, heading north, start

21 0.005 1 6.05 9.67 5.05 3.0r 0.00 1.25 0.00 0.00 117.9

21 0.005 1 9.01 14.71 7.52 4.54 2.65 1.85 1.18 0.92 117.9

2 1 0.005 1 11.82 18.91 9.66 5.91 3.46 2.49 1.56 1.21 117.9

2 1 0.005 1 14.82 11.42 5.92 3.61 2.14 1.54 0.98 0.75 117.9
GPS: Quality : GPS Fi Latitude = 40°23.234833 N Longitude = 105°36
= 1.60 '
GPS: State Plane Coordinates:

Note: Fall River Road, 87 degrees, heading north, start

31 0.100 1 6.20 7.90 4.59 3.00 2.10 1.75 1.40 1.10 131.8

31 0.100 1 8.86 11.79 6.73 4.39 3.09 2.61 2.07 1.61 131.8

31 0.100 1 12.08 16.15 9.12 5.97 4.16 3.60 2.92 2.27 131.8

31 0.100 1 14.94 10.19 5.85 3.68 2.58 2.25 1.84 1.44 131.8
GPS: Quality : GPS Fi Latitude = 40°23.284573 N Longitude = 105°36
= 5.10

GPS: State Plane Coordinates:

Note: Fall River Road, 88 degrees, heading north

4 1 0.200 1 6.03 10.27 6.50 4.42 2.70 1.69 0.00 0.00 134.4

4 1 0.200 1 8.69 15.52 9.82 6.70 4.09 2.56 1.24 0.00 134.4

4 1 0.200 1 11.65 21.28 13.36 9.05 5.54 3.55 1.71 1.13 134.4

4 1 0.200 1 14.77 27.06 16.83 11.31 6.95 4.49 2.15 1.46 134.4
GPS: Quality : GPS Fi Latitude = 40°23.340177 N Longitude = 105936
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 87 degrees, heading north

51 0.301 1 6.05 7.93 4.83 3.17 1.87 1.16 0.00 0.00 134.8

51 0.301 1 8.94 12.11 7.25 4.69 2.75 1.70 0.82 0.00 134.8

51 0.301 1 12.01 16.30 9.53 6.16 3.62 2.25 1.12 0.77 134.8

51 0.301 1 14.75 19.98 11.64 7.41 4.29 2.71 1.36 0.99 134.8
GPS: Quality : GPS Fi Latitude = 40°23.391439 N Longitude = 105°36
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 87 degrees, heading north

6 1 0.401 1 6.01 9.39 6.11 4.48 3.11 2.28 1.44 1.08 137.3

6 1 0.401 1 8.64 14.33 9.33 6.73 4.61 3.38 2.13 1.62 137.3

6 1 0.401 1 11.69 19.53 12.80 9.12 6.22 4.60 2.87 2.19 137.3

6 1 0.401 1 14.82 24.70 16.17 11.35 7.74 5.72 3.57 2.74 137.3
GPS: Quality : GPS Fi Latitude = 40°23.436834 N Longitude = 105°36
= 2.10

GPS: State Plane Coordinates:

Note: Fall River Road, 88 degrees, heading north

71 0.499 1 5.88 12.22 7.54. 5.11 3.49 2.47 1.38 0.00 139.5

71 0.499 1 8.79 19.78 12.06 8.15 5.49 3.90 2.18 1.44 139.5

71 0.499 1 11.72 27.18 16.49 11.02 7.44 5.33 2.98 2.02 139.5

71 0.499 1 14.53 34.19 20.81 13.58 9.16 6.59 3.68 2.52 139.5
GPS: Quality : GPS Fi Latitude = 40°23.489902 N Longitude = 105°36
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 88 degrees, heading north

81 0.600 1 5.96 10.79 7.64 5.83 4.12 2.95 1.62 1.08 138.8

8 1 0.600 1 8.94 17.35 12.19 9.27 6.47 4.62 2.49 1.61 138.8

8 1 0.600 1 11.87 23.31 16.33 12.29 8.63 6.18 3.31 2.17 138.8

8 1 0.600 1 14.99 29.60 20.41 15.34 10.76 7.70 4.13 2.70 138.8

.645660

.645689

.673305

.691174

.725584

.770086

.789041

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP



]
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GPS: Quality : GPS Fi
= 2.10

GPS: State Plane Coordinates:

Latitude = 40°23.543000 N

Note: Fall River Road, 85 degrees, heading north

9 1 0.701 1 5.86 8.42 5.47 3.81 2.44 1.66
9 1 0.701 1 8.94 13.49 8.73 6.10 3.88 2.64
9 1 0.701 1 12.13 18.86 12.03 8.36 5.36 3.69
91 0.701 1 15.06 23.62 14.93 10.25 6.59 4.61
GPS: Quality : GPS Fi Latitude = 40°23.585798 N
= 2.10

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading north
10 1 0.800 1 5.93 11.29 7.05 4.93 3.40 2.49
10 1 0.800 1 8.64 18.02 11.30 7.81 5.25 3.80
10 1 0.800 1 11.69 25.44 15.97 11.04 7.38 5.37
10 1 0.800 1 14.62 34.22 20.42 14.00 9.31 6.73
GPS: Quality : GPS Fi Latitude = 40°23.627827 N
= 2.10

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading north

11 1 0.900 1 5.96 11.62 8.01 6.13 4.68 3.84
11 1 0.900 1 8.96 18.01 12.31 9.28 7.05 5.74
11 1 0.900 1 11.91 24.37 16.43 12.15 9.16 17.36
11 1 0.900 1 14.77 30.80 20.39 15.04 11.28 9.11
GPS: Quality : GPS Fi Latitude = 40°23.675961 N
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 88 degrees, heading north
12 1 1.000 1 5.91 10.71 6.96 5.23 3.65 2.60
12 1 1.000 1 9.18 16.92 10.86 8.07 §&5.59 3.97
12 1 1.000 1 12.13 22.36 14.43 10.57 7.33 5.28
12 1 1.000 1 15.21 27.69 17.62 12.82 8.92 6.47
GPS: Quality : GPS Fi Latitude = 40°23.717712 N
= 2.20

GPS: State Plane Coordinates:

Note: Fall River Road, 88 degrees, heading north
13 1 1.143 1 6.08 9.63 6.02 - 4.16 2.71 1.87
13 1 1.143 1 8.91 14.88 9.16 6.29 4.02 2.86
13 1 1.143 1 12.18 21.06 12.70 8.62 5.51 3.91
13 1 1.143 1 14.92 26.28 15.74 10.58 6.74 4.78
GPS: Quality : GPS Fi Latitude = 40°23.746186 N
= 2.10

GPS: State Plane Coordinates:

Note: Fall River Road, 89 degrees, heading north

14 1 1.143 1 6.08 8.86 5.99 4.19 2.90 2.14
14 1 1.143 1 9.06 13.48 9.00 6.23 4.26 3.17
14 1 1.143 1 12.13 18.36 12.15 8.33 5.75 4.31
14 1 1.143 1 15.14 22.86 14.61 10.15 6.99 5.29
GPS: Quality : GPS Fi Latitude = 40°23.756727 N
= 2.20

GPS: State Plane Coordinates:

Note: Fall River Road, 89 degrees, heading north, end

15 1 1.1651 6.03 8.81 5.52 4.07 2.89 2.09
15 1 1.165 1 9.06 13.80 8.55 6.21 4.34 3.17
15 1 1.165 1 11.99 19.01 11.61 8.40 5.85 4.28
15 1 1.165 1 14.84 23.64 14.39 10.31 7.11 5.26
GPS: Quality : GPS Fi Latitude = 40°23.762054 N
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading north,
16 1 1.188 1 6.03 9.41 5.86 4.35 2.99 2.21
16 1 1.188 1 8.98 14.23 8.74 6.42 4.39 3.23
16 1 1.188 1 12.01 19.11 11.53 8.40 5.77 4.26
16 1 1.188 1 14.87 23.40 14.04 10.13 6.92 5.16
GPS: Quality : GPS Fi Latitude = 40°23.767683 N
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading north,

NP = o

Longitude

= 105°36

.00 0.00 136.2
.36 0.00 136.2
.88 1.18 136.2
.31 1.51 136.2
Longitude

1.63 1.27
2.43 1.87
3.38 2.56
4.15 3.11
Longitude
2.67 1.95
4.09 3.04
5.16 3.82
6.39 4.69
Longitude
1.47 1.01
2.22 1.53
2.96 2.16
3.67 2.69
Longitude
1.09 0.00
1.64 1.15
2.22 1.60
2.70 1.97
Longitude
1.32 0.00
1.94 1.39
2.63 1.94
3.23 2.36
Longitude
point
1.28 0.00
1.93 1.36
2.58 1.88
3.13 2.31
Longitude
off of foam
1.34 0.97
1.98 1.49
2.56 2.00
3.12 2.46
Longitude
foam

= 105°36.

139.9
139.9
139.9
139.9
= 105°36

137.
137.
137.
137.
= 105°36

QO OO0

136.2
136.2
136.2
136.2
= 105°37

141.7
141.7
141.7
141.7

= 105°37.

133.
133.
133.
133.
= 105°37

NN

140.6
140.6
140.6
140.6
= 105°37

141.4
141.4
141 .4
141.4

= 105°37.

.814141

865081

.914018

.952968

.002533

068204

.094872

.109145

124177

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP



17 1 0.0001 6.03 6.68 4.34 2.71 0.00 0.78 0.00 ©0.00
17 1 0.000 1 8.96 10.59 6.72 4.17 2.11 1.11 0.00 0.00
17 1 0.000 1 12.18 14.84 9.25 5.70 2.82 1.49 0.00 0.00
17 1 0.000 1 15.14 18.41 11.35 7.01 3.48 1.81 1.38 0.00
GPS: Quality : GPS Fi Latitude = 40°23.770834 N Longitude
= 2.10

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

18 1 0.006 1 6.13 9.91 6.51 4.49 3.06 2.15 1.24 0.49
18 1 0.006 1 8.84 15.40 9.99 6.81 4.59 3.23 1.87 1.24
18 1 0.006 1 11.91 21.86 14.15 9.58 6.40 4.47 2.50 1.68
18 1 0.006 1 14.94 28.44 18.10 12.16 8.07 5.65 3.12 2.08
GPS: Quality : GPS Fi Latitude = 40°23.770019 N Longitude
= 1.50

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

19 1 0.0391 6.08 8.88 5.63 3.95 2.65 1.79 1.00 0.00
19 1 0.039 1 8.98 13.69 8.48 5.92 3.86 2.63 1.46 1.04
19 1 0.039 1 12.04 18.49 11.17 7.77 5.02 3.46 1.94 1.39
19 1 0.039 1 14.99 23.09 13.74 9.52 6.08 4.22 2.37 1.75
GPS: Quality : GPS Fi Latitude = 40°23.761754 N Longitude
= 1.50

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

20 1 0.067 1 5.96 7.94 4.89 3.37 2.28 1.64 1.19 0.00
20 1 0.067 1 9.01 12.85 7.58 5.19 3.48 2.51 1.48 1.06
20 1 0.067 1 12.01 17.38 9.84 6.66 4.45 3.21 1.85 1.38
20 1 0.067 1 15.38 22.04 12.44 8.27 5.49 3.96 2.26 1.73
GPS: Quality : GPS Fi Latitude = 40°23.754536 N Longitude
= 1.70

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

21 1 0.149 1 5.91 10.98 6.96 4.69 2.86 1.86 1.02 0.00
21 1 0.149 1 9.01 17.81 11.02 7.33 4.39 2.85 1.53 1.01
21 1 0.149 1 11.72 24.54 15.07 9.84 5.92 3.82 2.06 1.34
21 1 0.149 1 14.67 31.74 19.62 12.38 7.42 4.84 2.53 1.64
GPS: Quality : GPS Fi Latitude = 40°23.734062 N Longitude
= 2.00

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

22 1 0.252 1 6.15 8.90 5.18 3.26 1.93 1.19 0.00 0.00
22 1 0.252 1 8.98 13.67 7.83 4.87 2.81 1.74 0.88 0.00
22 1 0.252 1 12.18 18.97 10.68 6.52 3.76 2.32 1.14 1.45
22 1 0.252 1 15.14 23.51 13.22 7.94 4.48 2.80 1.38 1.27
GPS: Quality : GPS Fi Latitude = 40°23.698959 N Longitude
= 1.70

GPS: State Plane Coordinates:

Note: Fall River Road, 86 degrees, heading south, foam

23 1 0.276 1 6.15 8.59 4.84 2.93 1.65 1.01 0.00 0.00
23 1 0.276 1 9.03 13.68 7.50 4.49 2.50 1.53 0.00 0.00
23 1 0.276 1 12.08 18.64 10.08 5.96 3.33 2.03 1.03 0.00
23 1 0.276 1 14.87 23.22 12.59 7.32 4.04 2.47 1.20 1.40
GPS: Quality : GPS Fi Latitude = 40°23.688805 N Longitude
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

24 1 0.349 1 5.98 9.27 5.65 3.99 2.75 1.95 1.20 1.32
24 1 0.349 1 8.96 14.30 8.71 6.17 4.27 3.10 1.91 1.40
24 1 0.349 1 12.13 19.48 11.73 8.33 5.80 4.31 2.64 1.99
24 1 0.349 1 15.14 24.20 14.48 10.21 7.13 5.35 3.32 2.50
GPS: Quality : GPS Fi Latitude = 40°23.654959 N Longitude
= 1.80

GPS: State Plane Coordinates:

Note: Fall River Road, 86 degrees, heading south, foam

25 1 0.456 1 6.10 9.87 6.31 4.60 3.24 2.35 1.45 1.04
25 1 0.456 1 8.91 15.54 9.94 7.19 4.99 3.61 2.20 1.58
25 1 0.456 1 12.16 22.00 14.03 10.15 7.02 5.10 3.08 2.21
25 1 0.456 1 14.82 27.13 17.26 12.52 8.58 6.31 3.73 2.76

141.0
141.0
141.0
141.0
= 105°37

138.
138.
138.
138.
= 105°37

PRRPR

143.2
143.2
143.2
143.2
= 105°37

145.4
145.4
145.4
145.4
= 105°37

146.9
146.9
146.9
146.9

= 105°37.

135.5
135.5
135.5
135.5

= 105°36.

135.9
135.9
135.9
135.9
= 105°36

131.5
131.5
131.5
131.5
= 105°36

126.0
126.0
126.0
126.0

.135848

.133547

.112225

.093982

041048

979563

.967976

.940239

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP



GPS: Quality : GPS Fi Latitude = 40°23.605984 N Longitude
= 1.70

GPS: State Plane Coordinates:

Note: Fall River Road, 86 degrees, heading south, foam

26 1 0.550 1 5.93 9.85 6.54 4.81 3.38 2.45 1.34 0.00
26 1 0.550 1 8.96 15.64 10.28 7.52 5.29 3.86 2.15 1.36
26 1 0.550 1 11.91 21.46 13.98 10.13 7.18 5.26 2.90 1.89
26 1 0.550 1 14.77 27.03 17.55 12.61 8.87 6.52 3.64 2.36
GPS: Quality : GPS Fi Latitude = 40°23.568568 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

27 1 0.650 1 5.81 10.79 7.17 65.22 3.70 2.69 1.64 1.17
27 1 0.650 1 8.81 17.18 11.38 8.12 5.72 4.18 2.56 1.81
27 1 0.650 1 11.72 23.65 15.58 11.04 7.77 5.74 3.51 2.53
27 1 0.650 1 14.65 29.51 19.29 13.65 9.63 7.12 4.38 3.16
GPS: Quality : GPS Fi Latitude = 40°23.521756 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

28 1 0.749 1 6.10 10.91 7.71 5.94 4.46 3.37 2.07 1.41
28 1 0.749 1 9.13 16.60 11.59 8.87 6.63 5.09 3.14 2.12
28 1 0.749 1 12.08 22.31 15.50 11.74 8.91 6.89 4.26 2.92
28 1 0.749 1 14.84 27.32 18.89 14.25 10.82 8.45 5.23 3.61
GPS: Quality : GPS Fi Latitude = 40°23.466596 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

29 1 0.854 1 6.32 8.03 5.39 3.83 2.67 1.90 1.06 0.00
29 1 0.854 1 8.98 12.20 8.12 5.75 3.98 2.88 1.61 1.09
29 1 0.854 1 12.35 17.07 11.22 7.86 5.46 3.99 2.23 1.55
29 1 0.854 1 15.41 21.36 13.84 9.65 6.71 4.91 2.75 1.91
GPS: Quality : GPS Fi Latitude = 40°23.415753 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

30 1 0.955 1 5.98 6.96 4.14 2.72 1.69 1.09 0.00 0.00
30 1 0.955 1 9.13 11.04 6.40 4.15 2.53 1.66 0.82 0.00
30 1 0.955 1 12.33 14.74 8.42 5.42 3.33 2.17 1.09 0.87
30 1 0.955 1 15.23 18.29 10.31 6.61 4.05 2.66 1.28 1.08
GPS: Quality : GPS Fi Latitude = 40°23.368392 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

31 1 1.050 1 6.03 8.89 5.29 3.60 2.22 1.39 0.00 0.00
31 1 1.050 1 9.03 13.86 8.04 5.43 3.27 2.05 0.97 0.00
31 1 1.050 1 11.87 18.21 10.43 6.96 4.17 2.63 1.25 0.81
31 1 1.050 1 14.97 23.07 12.98 8.60 5.11 3.21 1.44 1.15
GPS: Quality : GPS Fi Latitude = 40°23.318211 N Longitude
= 2.40

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

32 1 1.151 1 6.05 8.51 5.01 3.38 2.19 1.51 0.81 0.00
32 1 1.151 1 9.28 12.94 7.48 5.03 3.24 2.26 1.23 0.86
32 1 1.151 1 12.38 17.06 9.74 6.56 4.20 2.95 1.61 1.19
32 1 1.151 1 14.92 20.35 11.81 7.71 4.91 3.49 1.90 1.45
GPS: Quality : GPS Fi Latitude = 40°23.264456 N Longitude
= 2.40

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam

33 1 1.209 1 6.15 6.67 3.70 2.32 0.00 0.00 0.00 0.00
33 1 1.209 1 9.30 10.08 5.51 3.44 1.78 0.94 0.00 0.00
33 1 1.209 1 12.21 12.99 7.07 4.38 2.18 1.16 0.00 0.00
33 1 1.209 1 15.04 15.52 8.40 5.19 2.57 1.39 1.21 0.00
GPS: Quality : GPS Fi Latitude = 40°23.233512 N Longitude
= 1.90

GPS: State Plane Coordinates:

Note: Fall River Road, 85 degrees, heading south, foam, end

= 105°36.

126.
126.
126.
126.

OO OO

= 105°36.

124.1
124.1
124.1
124.1

= 105°36.

125.
125.
125.
125.

[e) W e )Mo Ne)

= 105°36.

126.7
126.7
126.7
126.7
= 105°36

123.
123.
123.
123.
= 105°36

00 00 00

121.6
121.6
121.6
121.6

= 105°36.

125.6
125.6
125.6
125.6

= 105°36.

123.
123.
123.
123.

[oNeNeNel

= 105°36.

894140

844366

804072

788718

.753073

.712261

687783

663081

650466

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP
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Appendix C

Summary of Field Deflection Resulits -

Trail Ridge Road — Deer Junction to 3M



M3

Date-Time: 7-17-2003 13:29:14

Sensors: CHOP CHOP Chop Chop Chop Chop Chop
Weight/spring: 2 .

Location: Rocky Mount Natl Park

Temp: 122.19

Operator: ajs

Comments: FHWA Testing

11 0.001 1 6.01 11.30 8.01 5.94 3.87 2.54 1.15 0.00 112.8
11 0.001 1 8.91 18.11 12.50 9.21 5.97 3.86 1.75 0.97 112.8
11 0.001 1 11.87 24.59 16.96 12.29 7.93 5.12 2.25 1.24 112.8
11 0.001 1 14.60 30.27 20.82 15.02 9.66 6.21 2.72 1.47 112.8
GPS: Quality : GPS Fi Latitude = 40°23

.228265 N Longitude = 105°36.662432 W PDOP
= 3.10 :

GPS: State Plane Coordinates:
Note: trail ridge road heading west

21 0.104 1 6.05 8.84 5.89 4.32 2.91 1.94 0.86 0.00 108.4

2 1 0.104 1 9.11 13.83 9.08 6.63 4.50 2.99 1.31 0.00 108.4

2 1 0.104 1 12.11 18.51 12.10 8.80 6.01 3.99 1.76 0.96 108.4

2 1 0.104 1 14.97 22.51 14.%92 10.77 7.33 4.89 2.17 1.17 108.4

GPS: Quality : GPS Fi Latitude = 40°23.232127 N Longitude = 105°36.738018 W PDOP
= 4.60

GPS: State Plane Coordinates:

Note: trail ridge road heading west

31 0.199 1 6.08 5.61 3.23 2.19 0.00 0.792 0.00 0.00 106.6

31 0.199 1 9.23 8.45 4.72 3.24 1.94 1.19 0.00 0.00 106.6

31 0.199 1 12.26 10.89 6.04 4.17 2.51 1.59 0.77 0.00 106.6

31 0.199 1 15.36 12.98 7.28 5.06 3.05 1.94 0.90 1.31 106.6

GPS: Quality : GPS Fi Latitude = 40°23.244153 N Longitude = 105°36.806013 W PDOP

= 4.50
GPS: State Plane Coordinates:
Note: trail ridge road heading west

4 1 0.211 1 6.13 6.29 4.32 3.25 2.06 1.29 0.00 0.00 109.5
4 1 0.211 1 9.03 9.01 6.03 4.50 2.87 1.80 0.74 0.00 109.5
4 1 0.211 1 12.33 11.76 7.72 5.76 3.68 2.33 0.93 0.66 109.5
4 1 0.211 1 15.23 14.18 9.33 6.87 4.35 2.78 1.13 0.76 109.5
GPS: Quality : GPS Fi Latitude = 40°23

.246623 N Longitude = 105°36.814495 w PDOP
= 4.50 -

GPS: State Plane Coordinates:

Note: trail ridge road heading west

5 1 0.255 1 6.15 8.21 5.61 4.11 .63 1.74
51 0.255 1 9.06 13.05 8.91 6.52 .19 2.77 .37 0.95 110.2

2 .89 0.00 110.2
4

51 0.255 1 12.04 17.98 12.36 9.00 5.85 3.87 .89 1.28 110.2
7
3

N RO

51 0.255 1 14.97 22.39 15.47 11.26 .34 4.88 .43 1.53 110.2

GPS: Quality : GPS Fi Latitude = 40°23.256375 N Longitude = 105°36.843585 W PDOP
= 4.40

GPS: State Plane Coordinates:

Note: trail ridge road heading west

61 0.302 1 6.23 5.29 2.98 2.09 0.00 1.10 0.00 0.00 108.0
6 1 0.302 1 9.11 8.31 4.70 3.35 2.42 1.78 1.05 0.00 108.0
6 1 0.302 1 12.01 11.11 6.33 4.55 3.32 2.46 1.42 1.01 108.0
6 1 0.302 1 14.82 13.71 7.88 5.67 4.17 3.10 1.79 1.20 108.0
GPS: Quality : GPS Fi Latitude = 40°23.267483 N Longitude = 105°36.875335 W PDOP

= 4.40

GPS: State Plane Coordinates:

Note: trail ridge road heading west

71 0.407 1 6.05 6.17 4.24 3.26 .38 1.67
71 0.407 1 8.89 9.79 6.62 .72 2.64 .27 0.00 106.9

2 .83 0.00 106.9
5. 3

71 0.407 1 12.06 13.39 8.93 6.87 5.05 3.60 .73 0.98 106.9
8. 6
= 3

MR RO

71 0.407 1 14.92 16.57 10.86 .19 4.41 .15 1.19 106.9

GPS: Quality : GPS Fi Latitude .290285 N Longitude = 105°36.945640 W PDOP
= 4.30

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees

8 1 0.500 1 6.13 5.95 3.87 2.83 2.12 1.58
0.500 1 9.06 9.13 5.85 4.31 3.23 2.41
0.500 1 12.13 12.28 7.77 5.71 4.32 3.23
0.500 1 15.26 15.39 9.63 7.10 5.37 4.01

.86 0.00 104.
.30 0.83 104.
.75 1.07 104.
.18 1.32 104.

o 00 0
.
NBR RO
[ 2N el e I e ]



GPS: Quality : GPS Fi Latitude = 40°23.315764 N Longitude = 105°37.005528 W PDOP
= 4.20

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees

9 1 0.601 1 6.18 7.46 5.26 3.98 2.80 1.90 0.99 0.00 104.4

9 1 0.601 1 8.94 11.62 8.12 6.20 4.39 2.98 1.53 0.98 104.4

9 1 0.601 1 11.99 15.74 10.96 8.42 5.98 4.11 2.13 1.29 104.4

9 1 0.601 1 14.79 19.19 13.44 10.28 7.34 5.09 2.66 1.57 104.4

GPS: Quality : GPS Fi Latitude = 40°23.338001 N Longitude = 105°37.074080 W PDOP
= 3.00

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees

10 1 0.701 1 6.08 8.12 5.51 4.20 2.95 2.06 1.06 0.00 099.2

10 1 0.701 1 8.76 12.60 8.47 6.45 4.53 3.16 1.60 0.97 99.2

10 1 0.701 1 11.87 17.39 11.56 8.79 6.18 4.29 2.17 1.27 099.2

10 1 0.701 1 14.84 21.55 14.17 10.80 7.57 5.28 2.68 1.53 99.2

GPS: Quality : GPS Fi Latitude = 40°23.366393 N Longitude = 105°37.136530 W PDOP
= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees, rutting and shoving from last test forward
11 1 0.801 1 6.10 7.17 5.40 4.53 3.49 2.64 1.45 0.00 97.4

11 1 0.801 1 9.03 11.32 8.49 7.09 5.47 4.13 2.24 1.34 097.4

11 1 0.801 1 11.87 15.11 11.28 9.40 7.21 5.47 3.00 1.73 97.4

11 1 0.801 1 14.87 18.99 14.11 11.73 9.02 6.82 3.72 2.16 097.4

GPS: Quality : GPS Fi Latitude = 40°23.409266 N Longitude = 105°37.184500 W PDOP
= 3.00

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees, rutting and shoving

12 1 0.900 1 5.98 8.96 6.51 5.40 4.20 3.19 1.90 1.28 101.8

12 1 0.900 1 9.08 13.80 10.10 8.35 6.50 4.94 2.91 1.96 101.8

12 .1 0.900 1 12.01 18.16 13.35 11.01 8.63 6.58 3.96 2.62 101.8

12 1 0.900 1 15.04 22.46 16.60 13.54 10.62 8.14 4.92 3.26 101.8

GPS: Quality : GPS Fi Latitude = 40°23.451130 N Longitude = 105°37.233044 W PDOP
= 2.90

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees, rutting and shoving from last test forward
13 1 1.000 1 6.13 2.96 2.40 2.19 0.00 1.59 1.17 0.00 96.3

13 1 1.000 1 9.13 4.62 3.70 3.32 2.86 2.41 1.75 1.34 96.3

13 1 1.000 1 12.28 6.44 5.14 4.59 3.96 3.35 2.42 1.81 96.3

13 1 1.000 1 15.26 7.99 6.37 5.67 4.89 4.17 3.00 2.24 96.3

GPS: Quality : GPS Fi Latitude = 40°23.483466 N Longitude = 105°37.294089 W PDOP
= 2.90

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees, rutting and shoving

14 1 1.102 1 6.13 4.90 2.66 1.69 0.00 0.95 0.00 0.00 90.5

14 1 1.102 1 8.98 7.84 4.14 2.65 1.95 1.49 1.06 0.00 90.5

14 1 1.102 1 11.96 10.68 5.62 3.61 2.61 2.00 1.34 1.15 90.5

14 1 1.102 1 15.06 13.66 7.12 4.65 3.38 2.61 1.75 1.38 090.5

GPS: Quality : GPS Fi Latitude = 40°23.517568 N Longitude = 105°37.355669 W PDOP
= 2.90

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees, rutting and shoving

15 1 1.201 1 5.91 11.52 8.44 5.95 4.28 3.26 1.98 1.37 95.6

15 1 1.201 1 8.89 17.50 12.60 8.83 6.38 4.85 2.90 2.03 95.6

15 1 1.201 1 11.87 23.58 16.83 11.78 8.56 6.55 3.97 2.79 095.6

15 1 1.201 1 14.60 28.48 20.17 14.08 10.28 7.88 4.81 3.39 095.6

GPS: Quality : GPS Fi Latitude = 40°23.552009 N Longitude = 105©37.413626 W PDOP
= 3.80

GPS: State Plane Coordinates:

‘Note: trail ridge road heading west 94 degrees, rutting and shoving

16 1 1.303 1 6.13 6.15 4.10 2.97 2.21 1.67 1.04 0.00 098.5

16 1 1.303 1 9.18 9.22 6.05 4.40 3.23 2.50 1.56 1.12 98.5

16 1 1.303 1 12.30 12.13 7.87 5.77 4.25 3.32 2.06 1.43 98.5

16 1 1.303 1 15.21 14.61 9.49 6.95 5.11 4.03 2.50 1.67 98.5

GPS: Quality : GPS Fi Latitude = 40°23.566592 N Longitude = 105°37.483938 W PDOP
= 3.70

GPS: State Plane Coordinates:

Note: trail ridge road heading west 94 degrees, rutting and shoving



17 1 1.400 1 6.10 5.38 3.13 2.38 1.77 1.35 0.82 0.00 91.9
17 1 1.400 1 8.94 8.05 4.55 3.44 2.55 1.98 1.21 0.86 91.9
17 1 1.400 1-12.23 10.78 6.00 4.56 3.41 2.64 1.58 1.13 91.9
17 1 1.400 1 15.11 12.80 7.16 5.41 4.07 3.18 1.90 1.32 91.9
GPS: Quality : GPS Fi Latitude = 40°23.583588 N Longitude = 105°37.552346 W PDOP

= 2.90
GPS: State Plane Coordinates:
Note: trail ridge road heading west 94 degrees, rutting.and  shoving
18 1 1.514 1 6.03 9.11 6.34 4.31 2.91 2.04 1.16 0.82 091.6
18 1 1.514 1 8.94 13.57 9.27 6.32 4.26 3.01 1.72 1.21 91.6
18 1 1.514 1 11.96 17.53 11.92 8.21 5.56 3.93 2.24 1.58 291.6
‘ 18 1 1.514 1 15.04 21.22 14.39 9.99 6.77 4.83 2.73 1.94 091.6
g e GPS: Quality : GPS Fi Latitude = 40°23.617520 N Longitude = 105°37.622711 W PDOP
= 2.90
GPS: State Plane Coordinates:
Note: trail ridge road heading west 94 degrees, rutting and shoving
19 1. 1.602 1 6.10 6.92 4.15 2.93 2.05 1l.46 0.84 0.00 86.8
19 1 1.602 1 9.11 10.55 6.32 4.42 3.07 2.22 1.25 0.88 86.8
19 1 1.602 1 11.91 13.77 8.18 5.73 4.00 2.87 1.60 1.15 86.8
19 1 1.602 1 14.97 16.99 9.89 6.96 4.85 3.51 1.97 1.35 86.8
GPS: Quality : GPS Fi Latitude = 40°23.634470 N Longitude = 105°©37.683429 W PDOP
= 2.80
GPS: State Plane Coordinates:
Note: trail ridge road heading west 89 degrees, rutting and shoving
20 1 1.703 1 6.03 3.37 1.88 0.00 0.00 0.00 0.00 0.00 83.9
20 1 1.703 1 8.94 5.26 2.93 2.12 1.59 1.09 0.00 0.00 83.9
: 20 1 1.703 1 12.08 7.22 4.05 2.93 2.06 1.54 0.99 0.79 83.9
i 20 1 1.703 1 15.06 8.86 5.00 3.63 2.53 1.91 1.23 0.97 83.9
GPS: Quality : GPS Fi Latitude = 40°23.647589 N Longitude = 105°37.756522 W PDOP
= 3.50
GPS: State Plane Coordinates:
Note: trail ridge road heading west 89 degrees, rutting and shoving
21 1 1.8051 6.08 6.29 3.67 2.57 1.87 1.37 0.89 0.00 80.6
21 1 1.805 1 8.96 9.85 5.64 3.97 2.84 2.14 1.38 1.01 80.6
21 1 1.805 1 12.06 13.19 7.51 5.31 3.83 2.88 1.79 1.33 80.6
21 1 1.805 1 14.94 16.04 9.22 6.47 4.66 3.52 2.20 1.59 80.6
GPS: Quality : GPS Fi Latitude = 40°23.663775 N Longitude = 105°37.828405 W PDOP
= 3.50
GPS: State Plane Coordinates:
Note: trail ridge road heading west 86 degrees, rutting and shoving £
22 1 1.901 1 6.03 7.11 4.41 .20 2.24 1.59 0.91 0.00 80.6
22 1 1.901 1 8.91 11.36 6.52 4.83 3.38 2.42 1.38 0.96 80.6
22 1 1.901 1 12.04 15.40 8.50 6.32 4.41 3.19 1.76 1.25 80.6
22 1 1.901 1 15.09 19.06 10.57 7.76 -5.42 3.94 2.16 1.49 80.6
GPS: Quality : GPS Fi Latitude = 40°23.688678 N Longitude = 105°37.890560 W PDOP
= 2.80
GPS: State Plane Coordinates:
Note: trail ridge road heading west 85 degrees, rutting and shoving
23 1 2.0001 6.01 5.31 3.32 2.22 1.40 0.92 0.00 0.00 78.0
23 1 2.0001 9.03 8.22 4.75 3.20 2.05 1.37 0.78 0.00 78.0
23 1 2.000 1 12.01 10.70 5.97 4.07 2.62 1.80 0.93 0.78 78.0
23 1 2.000 1 15.16 13.23 7.22 4.94 3.19 2.19 1.12 0.87 78.0
GPS: Quality : GPS Fi Latitude = 40°23.724551 N Longitude = 105°37.945841 W PDOP
= 2.80
GPS: State Plane Coordinates:
Note: trail ridge road heading west 84 degrees, rutting and shoving
24 1 2.101 1 6.05 5.83 3.76 .69 1.86 1.28 0.00 0.00 78.0
24 1 2.101 1 9.01 9.18 5.74 .13 2.81 1.98 1.11 0.78 78.0
24 1 2.101 1 12.16 12.49 7.65 .49 3.75 2.65 1.44 1.04 78.0
24 1 2.101 1 14.92 15.20 9.26 .64 4.54 3.25 1.79 1.25 178.0
GPS: Quality : GPS Fi Latitude = 40°23.764818 N Longitude = 105°37.999002 W PDOP
= 2.70
GPS: State Plane Coordinates:
Note: trail ridge road heading west 84 degrees, rutting and shoving

w
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25 1 2.201 1 5.98 8.19 6.30 5.27 4.01 2.%7 1.61 1.11 79.5
25 1 2.201 1 8.98 12.72 9.67 8.04 6.14 4.55 2.45 1.65 79.5
25 1 2.201 1 11.99 16.69 12.72 10.48 8.00 5.95 3.25 2.15 79.5
25 1 2.201 1 15.06 20.81 15.67 12.88 9.79 7.30 4.01 2.55 79.5



GPS: Quality : GPS Fi Latitude = 40°©23.793993
= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading west 81 degrees,
26 1 2.301 1 5.91 15.16 10.14 7.56 5.68 4
26 1 2.301 1 8.84 23.60 15.76 11.51 8.54 &6

26 1 2.301 1 14.43 38.94 26.79 19.11 14.20 10
GPS: Quality : GPS Fi Latitude = 40°23.799979
= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading west 75 degrees,

27 1 2.400 1 6.01 10.55 6.25 3.88 2.71 1.
27 1 2.400 1 95.08 16.53 9.59 6.08 4.26 3
27 1 2.400 1 12.08 21.98 12.76 8.14 5.77 4.
27 1 2.400 1 15.09 26.47 15.62 10.07 7.11 5

GPS: Quality : GPS Fi Latitude = 40°23.807863
= 3.30

GPS: State Plane Coordinates:

Note: trail ridge road heading west 75 degrees,

28 1 2.501 1 5.98 8.32 5.45 4.10 3.12 2.

28 1 2.501 1 9.06 13.02 8.51 6.36 4.79 3
28 1 2.501 1 12.33 17.77 11.56 8.67 6.53 5
28 1 2.501 1 15.11 21.42 14.08 10.54 7.95 6
GPS: Quality : GPS Fi Latitude = 40°23.831464
= 2.50 .

GPS: State Plane Coordinates:

Note: trail ridge road heading west 75 degrees,
29 1 2.600 1 5.93 11.87 7.92 6.01 4.58 3
29 1 2.600 1 8.84 18.21 12.03 9.06 6.91 5

29 1 2.600 1 14.77 28.91 19.53 14.59 11.19 8
GPS: Quality : GPS Fi Latitude = 40°23.870057
= 3.30

GPS: State Plane Coordinates:

Note: trail ridge road heading west 75 degrees,
30 1 2.706 1 6.05 11.46 8.03 6.02 4.30 3

30 1 2.706 1 12.04 23.69 16.33 12.19 8.82 6

GPS: Quality : GPS Fi Latitude = 40©23.915228
= 2.60

GPS: State Plane Coordinates:

Note: trail ridge road heading west 75 degrees,
31 1 2.800 1 5.83 18.00 11.63 7.99 5.99 4

31 1 2.800 1 11.89 35.41 22.79 15.88 12.13 9
31 1 2.800 1 14.33 41.91 26.98 19.08 14.63 11
GPS: Quality : GPS Fi Latitude = 40°23.933381
= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading west 75 degrees,
32 1 2.900 1 6.30 5.54 4.14 3.51 2.81 2
32 1 2.900 1 9.33 8.38 6.21 5.24 4.18 3
32 1 2.900 1 12.40 11.48 8.34 7.03 5.57 4
32 1 2.900 1 15.38 14.13 10.14 8.56 6.79 5
GPS: Quality : GPS Fi Latitude = 40°23.952326
= 2.60

GPS: State Plane Coordinates:

Note: trail ridge road heading west 75 degrees,
33 1 3.002 1 6.15 7.95 5.78 4.44 3.09 2
33 1 3.002 1 9.25 12.45 8.96 6.88 4.78 3
33 1 3.002 1 12.30 16.96 12.22 9.34 6.53 4
33 1 3.002 1 15.36 21.23 15.26 11.66 8.15 5
GPS: Quality : GPS Fi Latitude = 40°23.972366
= 2.40

GPS: State Plane Coordinates:

Note: trail ridge road heading west 77 degrees,

N Longitude = 105°38.

rutting and shoving

.32 2.76 2.06 176.5
.38 4.00 2.98 76.5
26 1 2.301 1 11.52 31.13 21.13 15.26 11.38 8.

56 5.40 3.94 76.5

.77 6.82 4.99 76.5

N Longitude = 105°38

rutting and shoving
93 1.05 0.00 77.3

.10 1.68 1.14 77.3

17 2.22 1.52 77.3

.19 2.79 1.86 77.3

N Longitude = 105°38

rutting and shoving
41 1.63 1.23 77.6

.74 2.52 1.92 77.6
.05 3.36 2.56 77.6
.19 4.16 3.07 77.6
N Longitude = 105°38.

rutting and shoving

.57 2.19 1.49 77.3
.34 3.24 2.22 77.3
29 1 2.600 1 11.82 23.90 15.75 11.83 9.05 7.

03 4.30 2.93 77.3

.72 5.42 3.68 77.3

N Longitude = 105°38

rutting and shoving

.15 1.68 1.09 77.3
301 2.706 1 8.98 17.65 12:21 9.10 6.57 4.

79 2.54 1.63 77.3

.46 3.46 2.21 77.3
30 1 2.706 1 15.14 29.04 19.95 14.96 10.85 8.

00 4.38 2.74 77.3
N Longitude = 105°38

rutting and shoving

.65 3.05 2.20 77.3
311 . 2.800 1 8.94 26.65 17.30 11.90 8.98 6.

94 4.54 3.27 77.3

.42 6.18 4.42 77.3
.43 7.51 5.30 77.3

N Longitude = 105°38

rutting and shoving

.23 1.47 1.04 82.4
.33 2.19 1.56 82.4
.47 2.94 2.07 82.4
.45 3.62 2.54 82.4

N Longitude = 105°38

rutting and shoving

.25 1.31 0.78 86.4
.46 1.98 1.43 86.4
.75 2.73 1.87 86.4
.96 3.42 2.33 86.4
N Longitude = 105°38.

rutting and shoving

061174

.133727

.210116

277990

.326466

.370588

.435981

.505329:

575835

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP



.100 1 6.13 10.18 7.23 5.42

34 1 3 3.80 2.85 1.77 1.23. 89.0
34 1 3.100 1 8.89 14.99 10.78 8.07 5.69 4.28 2.62 1.83 89.0
- 34 1 3.100 1 12.28 20.23 14.75 11.03 7.89 5.96 3.66 2.54 89.0.
ﬁ“ 34 1 3.100 1 15.16 24.38 17.68 13.36 9.63 7.33 4.58 3.04 89.0
GPS: Quality : GPS Fi Latitude = 40°23.987603 N Longitude = 105°38.645445 W PDOP

= 2.40
GPS: State Plane Coordinates:
Note: trail ridge road heading west 77 degrees, rutting and shoving
35 1 3.201 1 6.08 13.77 10.13 7.17 5.05 3.85 2.52 1.90 94.5
35 1. 3.201 1 8.74 20.39 14.92 10.53 7.46 5.72 3.76 2.89 94.5
35 1 3.201 1 12.04 27.13 19.81 13.90 9.95 7.64 5.01 3.77 94.5
, 35 1 3.201 1 14.72 32.34 23.54 16.60 11.97 9.29 6.16 4.66 94.5
;b GPS: Quality : GPS Fi Latitude = 40°23.974749 N Longitude = 105°938.716506 W PDOP
= 2.40
GPS: State Plane Coordinates:
Note: trail ridge road heading west 79 degrees, rutting and shoving
36 1 3.300 1 5.98 14.40 9.80 6.45 3.77 2.42 1.33 0.00 93.0
36 1 3.300 1 8.86 21.79 14.53 9.50 5.64 3.65 2.00 1.45 093.0
, 36 1 3.300 1 12.04 28.52 19.21 12.39 7.39 4.81 2.65 1.92 93.0
o 36 1 3.300 1 14.77 34.88 22.61 15.08 9.03 5.91 3.25 2.35 093.0
o GPS: Quality : GPS Fi Latitude = 40°23.942644 N Longitude = 105°38.775900 W PDOP
= 6.50
GPS: State Plane Coordinates:
Note: trail ridge road heading west 80 degrees, rutting and shoving
37 1 3.402 1 5.96 16.06 10.30 7.15 5.18 3.98 2.84 2.23 94.1
, 37 1 3.402 1 8.64 24.00 15.04 10.42 7.56 5.86 4.23 3.31 94.1
‘E 37 1 3.402 1 11.77 32.92 19.98 13.73 10.07 7.91 5.81 4.56 94.1
T 37 1 3.402 1 14.72 39.81 24.68 16.68 12.29 9.68 7.13 5.57 94.1
GPS: Quality : GPS Fi Latitude = 40°23.908203 N Longitude = 105°38.836743 W PDOP
= 6.10
GPS: State Plane Coordinates:
Note: trail ridge road heading west 80 degrees, rutting and shoving
38 1 3.502 1 6.23 10.57 5.99 3.44 2.06 1.36 0.00 0.00 96.7
38 1 3.502 1 9.13 16.46 9.37 5.47 3.21 2.09 1.29 0.92 96.7
38 1 3.502 1 12.26 21.71 12.34 7.28 4.29 2.84 1.65 1.26 96.7
38 1 3.502 1 15.11 26.73 15.21 9.10 5.41 3.58 2.02 1.58 96.7
GPS: Quality : GPS Fi Latitude = 40°23.877803 N Longitude = 105°38.898492 W PDOP
= 5.70 )
GPS: State Plane Coordinates:
Note: trail ridge road heading west 80 degrees, more severe rutting and shoving from last
test forward
39 1 3.603 1 6.03 12.27 7.05
39 1 3.603 1 8.94 18.86 10.83
39 1 3.603 1 11.87 26.10 14.87 .70 5.25 3.54 .91 1.35 094.8
39 1 3.603 1 14.87 32.90 18.17 10.75 6.51° 4.39 .32 1.64 94.8
GPS: Quality : GPS Fi Latitude = 40°23.852803 N Longitude = 105°38.964803 W PDOP
= 5.30
GPS: State Plane Coordinates:
Note: trail ridge road heading west 80 degrees, more severe rutting and shoving
40 1 3.702 1 6.03 11.83 7.94 5.86 4.20 3.14 1.99 1.42 96.7
40 1 3.702 1 9.16 18.37 12.24 9.04 6.48 4.83 2.99 2.16 96.7
40 1 3.702 1 11.99 23.74 15.91 11.75 8.46 6.34 3.93 2.83 96.7
40 1 3.702 1 14.89 29.25 19.69 14.57 10.54 7.99 4.96 3.59 96.7
GPS: Quality : GPS Fi Latitude = 40°23.831315 N Longitude = 105°39.031010 W PDOP
= 5.10
GPS: State Plane Coordinates:
Note: trail ridge road heading west 80 degrees, more severe rutting and shoving
41 1 3.803 1 6.05 12.58 7.51 4.50 2.59 1.68 0.00 0.00 96.3
41 1 3.803 1 8.98 19.74 12.01 7.14 4.04 2.60 1.46 1.06 96.3
41 1 3.803 1 12.06 26.66 16.41 9.78 5.57 3.58 1.88 1.41 96.3
41 1 3.803 1 14.97 33.22 20.81 12.34 7.06 4.57 2.36 1.74 96.3
GPS: Quality : GPS Fi Latitude = 40°23.806321 N Longitude = 105©38.988789 W PDOP
= 5.00
GPS: State Plane Coordinates:
Note: trail ridge road heading west 80 degrees, more severe rutting and shoving
42 1 3.903 1 6.18 6.48 4.56 3.32 2.31 1.59 0.00 0.00 90.5
42 1 3.903 1 9.08 10.78 7.38 5.26 3.55 2.47 1.45 1.04 90.5
42 1 3.903 1 12.04 15.26 10.19 7.19 4.87 3.38 1.90 1.37 90.5

.07 2.49 1.65
.31 3.78 2.56

.00 0.00 094.8
.44 0.98 94.8

O 0O
NP PO



AT X R

42 1 3.903 1 15.31 19.72 13.21 9.18 6.21 4.32 2.43 1.68 90.5
GPS: Quality : GPS Fi Latitude = 40°23.816818 N Longitude = 105°38.916654 W PDOP
. = 4.80
{,‘ GPS: State Plane Coordinates:
Note: trail ridge road heading west 80 degrees, more severe rutting and shoving
43 1 4.004 1 6.30 4.42 3.10 2.51 1.95 1.40 0.00 0.00 093.4
43 1 4.004 1 9.16 7.00 4.87 3.95 3.00 2.23 1.27 0.92 193.4
43 1 4.004 1 12.26 9.42 6.54 5.27 4.04 3.00 1.71 1.19 193.4
43 1 4.004 1 15.38 11.95 8.27 6.65 5.11 3.83 2.22 1.46 93.4
GPS: Quality : GPS Fi Latitude = 40°23.829812 N Longitude = 105°38.844641 W PDOP
= 4.60
GPS: State Plane Coordinates:
Note: trail ridge road heading west 82 degrees, more severe rutting and shoving
44 1 4.102 1 6.10 6.67 4.14 .65 1.85 1.45 .99 0.00 94.5
44 1 4.102 1 9.06 10.33 6.26 .04 2.81 2.19 .46 1.14 94.5
44 1 4.102 1 12.21 14.06 8.48 .49 3.84 3.00 .98 1.45 94.5
44 1 4.102 1 15.23 17.39 10.46 .80 4.78 3.74 .45 1.83 94.5
GPS: Quality : GPS Fi Latitude = 40°23.861975 N Longitude = 105°38.786723 W PDOP
= 4.50
GPS: State Plane Coordinates:
Note: trail ridge road heading west 82 degrees, rutting and shoving
45 1 4.203 1 6.13 7.21 4.24 .63 0.00 1.14 0.00 0.00 96.7
45 1 4.203 1 9.11 11.39 6.57 .09 2.54 1.74 1.10 0.00 96.7
45 1 4.203 1 12.16 15.00 8.63 .39 3.35 2.33 1.42 1.11 96.7
45 1 4.203 1 14.99 18.43 10.67 .64 4.14 2.91 1.75 1.36 96.7
GPS: Quality : GPS Fi Latitude = 40°23.896392 N Longitude = 105°38.726298 W PDOP
= 4.20
GPS: State Plane Coordinates:
Note: trail ridge road heading west 85 degrees, rutting and shoving
46 1 4.304 1 6.03 .76 1.53 0.00 0.00 0.00 O0.00 0.00 ©96.7
; 46 1 4.304 1 9.08 .30 2.29 1.46 0.00 0.00 0.00 0.00 096.7
; 46 1 4.304 1 12.08 .68 2.97 1.92 0.00 0.70 0.00 0.00 96.7
46 1 4.304 1 14.99 .98 3.62 2.29 1.30 0.85 0.00 0.00 96.7
[ GPS: Quality : GPS Fi Latitude = 40°923.915154 N Longitude = 105°38.658111 W PDOP
i = 4.10
! GPS: State Plane Coordinates:
Note: trail ridge road heading west 85 degrees, rutting and shoving
47 1 4.400 1 6.25 7.34 5.35 4.06 2.77 1.94 1.06 0.65 94.1
47 1 4.400 1 9.11 10.90 7.80 5.94 4.07 2.85 1.58 1.10 94.1
47 1 4.400 1 12.04 14.06 9.98 7.57 5.22 3.67 2.01 1.46 94.1
47 1 4.400 1 14.99 16.92 11.90 9.07 6.25 4.42 2.43 1.74 94.1
GPS: Quality : GPS Fi Latitude = 40°23.891555 N Longitude = 105°38.595766 W PDOP
= 2.50 .
GPS: State Plane Coordinates:
Note: trail ridge road heading west 85 degrees, rutting and shoving, rock cut from test 46

AN N
N RO

Ui DN

o Ul B

to 47

48 1 4.501 1 5.98 8.81 6.59 5.17 3.78 2.86 1.83 1.30 90.8

48 1 4.501 1 8.96 13.78 10.05 7.90 5.81 4.46 2.84 2.02 90.8

48 1 4.501 1 11.91 18.32 13.33 10.36 7.71 5.97 3.80 2.74 90.8

48 1 4.501 1 14.92 22.49 16.09 12.57 9.42 7.31 4.72 3.40 90.8

GPS: Quality : GPS Fi Latitude = 40°23.855002 N Longitude = 105°938.539608 W PDOP

= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading west 85 degrees, rutting and shoving

49 1 4.602 1 6.05 6.13 4.84 3.92 2.79 2.02 1.17 0.91 92.7

49 1 4.602 1 9.01 9.31 7.17 5.74 4.12 2.97 1.72 1.33 92.7

49 1 4.602 1 12.01 12.37 9.43 7.50 5.38 3.88 2.20 1.70 92.7

49 1 4.602 1 15.14 15.41 11.70 9.25 6.62 4.78 2.65 2.06 92.7

GPS: Quality : GPS Fi Latitude = 40°23.829298 N Longitude = 105©38.472954 W PDOP
= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading west 85 degrees, rutting and shoving

50 1 4.691 1 5.96 7.67 5.55 4.27 2.94 2.02 1.20 0.75 87.5

50 1 4.691 1 8.86 11.69 8.37 6.48 4.47 3.14 1.82 1.37 87.5

50 1 4.691 1 11.96 15.69 11.12 8.60 6.00 4.23 2.38 1.83 87.5

50 1 4.691 1 14.82 19.14 13.49 10.42 7.29 5.19 2.88 2.26 87.5

GPS: Quality : GPS Fi Latitude = 40°23.793083 N Longitude = 105°38.430527 W PDOP
= 2.80



GPS: State Plane Coordinates:
Note: trail ridge road heading west 85 degrees, rutting and shoving
51 1 4.668 1 6.13 5.47 4.17 3.38 2.55 1.93 1.18 0.00 90.1
51 1 4.668 1 9.25 8.64 6.55 5.26 3.99 3.06 1.86 1.34 90.1
51 1 4.668 1 12.28 11.77 8.89 7.13 5.47 4.21 2.61 1.88 90.1
51 1 4.668 1 15.09 14.56 10.87 8.74 6.68 5.19 3.22 2.19 90.1
GPS: Quality : GPS Fi Latitude = 40©23.811594 N Longitude = 105°38.437544 W PDOP
= 4.20 .
GPS: State Plane Coordinates:
Note: trail ridge road heading west 85 degrees, rutting and shoving
52 1 4.600 1 5.98 6.80 5.44 4.13 2.92 2.11 1.27 0.00 89.4
52 1 4.600 1 9.06 10.63 8.27 6.27 4.38 3.14 1.85 1.36 89.4
ey 52 1 4.600 1 12.06 14.68 11.34 8.49 5.96 4.32 2.49 1.86 89.4
52 1 4.600 1 15.19 18.42 13.91 10.44 7.33 5.34 3.17 2.31 89.4
GPS: Quality : GPS Fi Latitude = 40°23.835521 N Longitude = 105°38.475928 W PDOP
= 3.30
GPS: State Plane Coordinates:
Note: trail ridge road heading east 73 degrees, rutting and shoving
53 1 4.550 1 6.18 7.70 5.60 4.38 3.12 2.27 1.33 0.92.89.4
53 1 4.550 1 8.98 11.86 8.62 6.66 4.73 3.39 1.90 1.37 89.4
53 1 4.550 1 12.06 16.35 11.92 9.192 6.58 4.75 2.70 1.89 89.4
53 1 4.550 1 14.92 20.25 14.57 11.26 8.06 5.81 3.34 2.26 89.4

GPS: Quality : GPS Fi Latitude = 40°23.846423 N Longitude = 105°38.508927 W PDOP
= 3.30 :

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

54 1 4.450 1 6.10 7.55 5.49 4.14 2.80 2.00 1.16 0.98 90.1

54 1 4.450 1 9.03 11.92 8.48 6.26 4.24 3.01 1.67 1.15 90.1

54 1 4.450 1 11.89 16.07 11.35 8.35 5.65 4.00 2.28 1.54 ©90.1

54 1 4.450 1 14.97 20.53 14.23 10.43 7.01 4.98 2.85 1.87 90.1

GPS: Quality : GPS Fi Latitude = 40°23.879458 N Longitude = 105°38.570008 W PDOP

= 2.10

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

55 1 4.349 1 6.18 6.00 4.55 3.60 2.54 1.78 1.02 0.00 91.9

55 1 4,349 1 8.94 9.03 6.89 5.45 3.86 2.73 1.54 1.10 091.9

55 1 4.349 1 12.11 12.00 9.23 7.30 5.24 3.75 2.10 1.51 2921.9

55 1 4.349 1 15.23 14.55 11.14 8.87 6.40 4.65 2.64 1.85 91.9

GPS: Quality : GPS Fi Latitude = 40°23.913990 N Longitude = 105°38.629649 W PDOP

= 2.10

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

56 1 4.243 1 6.05 8.51 6.73 5.37 3.81 2.71 1.53 1.07 92.3

56 1 4,243 1 8.89 12.76 9.97 7.83 5.57 3.94 2.19 1.57 92.3

56 1 4.243 1 12.18 17.28 13.40 10.54 7.52 5.39 3.01 2.15 92.3

56 1 4,243 1 15.11 21.08 16.44 12.68 9.13 6.62 3.74 2.70 92.3

GPS: Quality : GPS Fi Latitude = 40°23.907576 N Longitude = 105°38.704567 W PDOP

= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

57 1 4.150 1 6.15 7.26 5.48 4.46 3.48 2.71 1.78 1.29 92.7

57 1 4.150 1 8.86 11.12 8.25 6.64 5.13 4.01 2.57 1.82 92.7

57 1 4.150 1 12.11 15.23 11.27 9.01 6.96 5.43 3.49 2.44 92.7

57 1 4.150 1 14.89 18.74 13.68 10.95 8.49 6.64 4.28 2.97 092.7
© e GPS: Quality : GPS Fi Latitude = 40°23.879600 N Longitude = 105°38.763806 W PDOP
' = 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

58 1 4.045 1 6.15 6.85 4.86 3.63 2.69 2.08 1.35 1.00 91.6

58 1 4.045 1 8.96 10.93 7.62 5.66 4.17 3.26 2.08 1.48 91.6

58 1 4.045 1 11.99 15.15 10.53 7.74 5.72 4.44 2.82 1.95 91.6

58 1 4.045 1 14.99 18.94 13.02 9.62 7.08 5.51 3.49 2.41 91.6

GPS: Quality : GPS Fi Latitude = 40°23.841091 N Longitude = 105°38.823737 W PDOP

= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

59 1 3.949 1 6.01 7.09 5.15 3.89 2.96 2.27 1.54 1.14 88.6

59 1 3.949 1 9.06 11.50 8.22 6.21 4.63 3.61 2.36 1.73 88.6
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59 1 3.949 1 11.74 15.33 10.92 8.24 6.14 4.78 3.14 2.23 88.6

59 1 3.949 1 15.01 19.53 13.80 10.50 7.85 6.11 3.98 2.76 88.6

GPS: Quality : GPS Fi Latitude = 40°23.822062 N Longitude = 105°38.890105 W PDOP

= 2.60

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

60 1 3.850 1 6.05 6.59 4.20 3.07 2.12 1.49 0.00 0.00 81.7

60 1 3.850 1 9.13 10.78 6.92 5.03 3.45 2.43 1.31 0.93 81.7

60 1 3.850 1 12.06 14.60 9.47 6.85 4.70 3.32 1.76 1.16 81.7

60 1 3.850 1 15.04 18.15 11.76 8.49 5.85 4.13 2.22 1.43 81.7

GPS: Quality : GPS Fi Latitude = 40°©23.811979 N Longitude = 105°38.962102 W PDOP

= 2.60

b GPS: State Plane Coordinates:

: Note: trail ridge road heading east 73 degrees, rutting and shoving from last test forward

61 1 3.748 1 6.08 5.44 3.30 2.22 0.00 1.25 0.00 0.00 81.7

61 1 3.748 1 9.08 8.39 5.11 3.36 2.51 1.91 1.32 1.06 81.7

61 1 3.748 1 12.01 11.04 6.75 4.48 3.31 2.58 1.74 1.41 81.7

61 1 3.748 1 15.23 13.73 8.36 5.57 4.14 3.24 2.17 1.72 81.7

GPS: Quality : GPS Fi Latitude = 40°23.815718 N Longitude = 105©39.032309 W PDOP

= 2.60

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

62 1 3.642 1 5.96 10.15 6.48 4.42 2.82 1.89 0.93 0.00 78.0

62 1 3.642 1 9.03 15.96 10.28 7:.13 4.55 3.01 1.57 1.14 178.0

62 1 3.642 1 11.84 20.89 13.66 9.54 6.23 4.17 2.17 1.56 78.0

62 1 3.642 1 14.94 25.66 17.03 11.91 7.89 5.29 2.72 1.93 178.0

GPS: Quality : GPS Fi Latitude = 40©23.847006 N Longitude = 105°38.975780 W PDOP

= 2.60

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

63 1 3.542 1 5.57 9.45 6.12 4.25 2.69 1.81 0.00 0.00 69.6

63 1 3.542 1 8.33 16.63 10.66 7.37 4.68 3.08 1.70 1.11 69.6

63 1 3.542 1 11.43 24.63 15.07 10.43 6.67 4.42 2.48 1.62 69.6

63 1 3.542 1 13.99 21.62 18.98 13.06 8.43 5.61 3.12 2.04 69.6

GPS: Quality : GPS Fi Latitude = 40°23.871617 N Longitude = 105°38.907992 W PDOP

= 2.50

GPS: State Plane Coordinates:

o Note: trail ridge road heading east 73 degrees, rutting and shoving
64 1 3.531 1 6.15 11.82 7.58 5.05 2.91 1.78 0.00 0.00 67.
64 1 3.531 1 9.11 19.65 12.57 8.34 4.82 2.93 1.46 0.96 67.
64 1 3.531 1 12.30 27.87 17.82 11.88 6.95 4.23 1.92 1.34 67.
64 1 3.531 1 14.89 33.65 21.59 14.35 8.50 5.21 2.35 1.62 67.
GPS: Quality : DGPS Fix Latitude = 40°23.875117 N Longitude =
PDOP = 2.50
GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving
65 1 3.438 1 6.05 6.32 3.74 2.43 0.00 1.34 0.00 0.00 67.0

65 1 3.438 1 9.01 10.36 6.13 3.85 2.68 2.06 1.45 1.06 67.0

65 1 3.438 1 12.40 15.03 8.67 5.47 3.74 2.92 2.01 1.46 67.0

65 1 3.438 1 15.36 18.86 10.68 6.90 4.70 3.69 2.54 1.78 67.0

GPS: Quality : GPS Fi Latitude = 40°23.902266 N Longitude = 105°38.841960 W PDOP
= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

66 1 3.349 1 6.18 6.49 4.05 .88 2.04 1.48 0.00 0.00 62.3

66 1 3.349 1 9.28 10.46 6.59 .69 3.25 2.40 1.45 1.08 62.3

66 1 ~3.349 1 12.50 14.30 9.09 .46 4.50 3.28 1.96 1.42 62.3
66 1 3.349 1 15.26 17.30 10.99 .84 5.43 3.97 2.38 1.66 62.3
GPS: Quality : GPS Fi Latitude = 40°23.930732 N Longitude = 105°38.788468 W PDOP
= 2.50
GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving
67 1 3.251 1 6.13 13.08 8.25 5.33 3.43 2.42 1.49 0.00 65.9
67 1 3.251 1 9.01 21.17 13.24 8.53 5.43 3.84 2.30 1.69 65.9
67 1 3.251 1 12.08 28.50 17.79 11.45 7.28 5.14 2.99 2.24 65.9

67 1 3.251 1 14.60 34.57 21.76 14.02 8.96 6.29 3.70 2.68 65.9
GPS: Quality : GPS Fi Latitude = 40°23.963392 N Longitude = 105°38.730151 W PDOP
= 2.30
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GPS: State Plane Coordinates:

Note: trail ridge road heading east 73 degrees, rutting and shoving

68 1 3.150 1 6.27 6.64 4.71 3.79. 2.94 2.29 1.42 0.93 66.3

68 1 3.150 1 9.18 10.23 7.21 5.79 4.45 3.46 2.11 1.38 66.3

68 1 3.150 1 12.38 13.90 9.79 7.80 6.01 4.68 2.87 1.81 66.3

68 1 3.150 1 15.50 17.04 12.07 9.56 7.35 5.72 3.51 2.17 66.3
GPS: Quality : GPS Fi Latitude = 40°23.983672 N Longitude = 105°38.
= 2.30

GPS: State Plane Coordinates:

Note: trail ridge road heading east 763degrees, rutting and shoving

69 1 3.046 1 6.30 7.56 5.06 3.55 2.29 1.57 0.94 0.00 64.5

69 1 3.046 1 9.18 11.50 7.72 5.40 3.45 2.40 1.39 1.05 64.5

69 1 3.046 1 12.28 15.41 10.33 7.25 4.69 3.26 1.80 1.36 64.5

69 1 3.046 1 15.19 18.81 12.55 8.86 5.76 4.01 2.27 1.61 64.5
GPS: Quality : GPS Fi Latitude = 40°23.971682 N Longitude = 105°38.
= 5.50

GPS: State Plane Coordinates:

Note: trail ridge road heading east 763degrees, rutting and shoving

70 1 2.949 1 6.15 8.01 5.61 4.25 3.34 2.74 1.92 1.39 62.6

70 1 2.949 1 9.03 12.36 8.59 6.47 5.03 4.13 2.84 2.04 62.6

70 1 2.949 1 12.08 17.04 11.88 8.91 6.96 5.65 3.90 2.73 62.6

70 1 2.949 1 14.97 21.16 14.86 11.08 8.63 7.01 4.83 3.37 62.6
GPS: Quality : GPS Fi Latitude = 40°23.953019 N Longitude = 105°38.
= 5.30

GPS: State Plane Coordinates:

Note: trail ridge road heading east 763degrees, rutting and shoving

71 1 2.848 1 6.03 13.29 9.37 6.91 5.17 4.06 2.68 1.91 61.2

71 1 2.848 1 8.91 20.33 14.20 10.37 7.74 6.04 3.97 2.84 61.2

71 1 2.848 1 12.11 27.46 19.17 13.85 10.34 8.11 5.37 3.88 61.2

71 1 2.848 1 14.72 32.74 22.78 16.51 12.32 9.66 6.44 4.59 61.2
GPS: Quality : GPS Fi Latitude = 40°23.932513 N Longitude = 105°38
= 5.80 -

GPS: State Plane Coordinates:

Note: trail ridge road heading east 763degrees, rutting and shoving

72 1 2.748 1 5.83 9.89 5.75 3.39 2.16 1.52 0.00 0.00 61.5

72 1 2.748 1 8.79 17.60 9.34 5.29 3.40 2.40 1.45 1.02 61.5

72 1 2.748 1 11.77 23.98 12.86 7.14 4.61 3.33 2.02 1.49 61.5

72 1 2.748 1 14.75 27.12 15.80 8.66 5.66 4.09 2.43 1.79 61.5
GPS: Quality : GPS Fi Latitude = 40°23.912752 N Longitude = 105°38
= 8.00

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees, rutting and shoving

73 1 2.649 1 6.08 13.29 9.39 7.09 4.76 3.39 1.96 1.38 61.5

73 1 2.649 1 8.84 20.65 14.50 10.81 7.25 5.13 2.90 2.03 61.5

73 1 2.649 1 12.13 29.07 20.09 14.94 10.04 7.06 3.97 2.74 61.5

73 1 2.649 1 14.92 35.95 24.57 18.21 12.28 8.71 4.99 3.36 61.5
GPS: Quality : GPS Fi Latitude = 40°23.875650 N Longitude = 105°38.
= 3.60

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees, rutting and shoving

74 1 2.546 1 5.86 11.44 8.59 6.70 4.83 3.53 2.10 1.47 63.4

74 1 2.546 1 8.91 19.30 14.30 11.05 8.02 5.90 3.51 2.38 63.4

74 1 2.546 1 11.99 26.69 19.36 14.95 10.94 8.14 4.87 3.35 63.4

74 1 2.546 1 14.79 32.76 23.45 18.20 13.39 10.04 6.06 4.16 63.4
GPS: Quality : Fix not valid Latitude = 40°23.830725 N Longitude =
PDOP = 3.60

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees, rutting and shoving

75 1 2.450 1 6.30 5.54 3.92 3.03 2.22 1.62 0.92 0.00 64.5

75 1 2.450 1 9.13 8.37 5.87 4.50 3.24 2.39 1.34 0.89 64.5

75 1 2.450 1 12.38 11.57 8.12 6.21 4.49 3.34 1.89 1.21 64.5

75 1 2.450 1 15.55 14.49 10.06 7.69 5.58 4.14 2.36 1.43 64.5
GPS: Quality : DGPS Fix Latitude = 40°23.809873 N Longitude =

PDOP = 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees, rutting and shoving

76 1 2.343 1 6.45 5.18 3.79 2.93 2.27 1.75 1.13 0.00 63.4

76 1 2.343 1 9.28 7.92 5.75 4.42 3.34 2.61 1.65 1.18 63.4
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76 1 2.343 1 12.45 10.93 7.82 6.00 4.57 3.

76 1 2.343 1 15.38 13.50 9.51 7.34 5.57 4
GPS: Quality : GPS Fi Latitude = 40°23.798862
= 2.90

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees,

77 1 2.245 1 6.15 9.85 6.79 4.99 3.66 2.
77 1 2.245 1 8.81 15.26 10.65 7.86 5.84 4.

77 1 2.245 1 12.16 20.81 14.52 10.55 7.85 &6
77 1 2.245 1 14.75 24.72 17.29 12.48 9.32 7
GPS: Quality : GPS Fi Latitude = 40°23.794075
= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees,
78 1 2.149 1 5.98 4.58 3.23 2.47 0.00 1
78 1 2.149 1 9.03 7.81 5.22 3.

78 1 2.149 1 12.13 11.16 7.21 5.37 3.89 2
78 1 2.149 1 14.97 14.21 8.99 6.

GPS: Quality : GPS Fi Latitude = 40°23.769065
= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees,

79 1 2.042 1 6.05 2.84 0.00 0.00 0.00 O.
79 1 2.042 1 8.98 4.87 2.73 2.08 0.00 1.
79 1 2.042 1 12.16 7.28 3.93 2.84 2.16 1.
79 1 2.042 1 15.01 9.49 4.93 3.60 2.66 2.

GPS: Quality : GPS Fi Latitude = 40°23.727676
= 10.20

GPS: State Plane Coordinates: :
Note: trail ridge road heading east 56 degrees,
80 1 1.950 1 6.30 4.

80 1 1.950 1 9.23 6.31 4.40
80 1 1.950 1 12.28 8.

80 1 1.950 1 15.45 10.15 6.94 .46 3.78 2
GPS: Quality : GPS Fi Latitude = 40°23.692885
= 3.90

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees,

81 1 1.849 1 6.18 4.14 2.70 2.10 0.00 1.
81 1 1.849 1 9.03 6.19 4.03 3.12 2.19 1.
81 1 1.849 1 12.21 8.33 5.42 4.20 3.01 2.
81 1 1.849 1 15.23 10.17 6.45 5.05 3.64 2.

GPS: Quality : GPS Fi Latitude = 40°23.663851
= 2.70

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees,

82 1 1.748 1 5.93 5.03 4.08 3.50 2.77 2.
39 4.22 3.
.46
74 6.93 5.

82 1 1.748 1 8.91 7.79 6.35 5.

82 1 1.748 1 11.94 10.46 8.48 7.16 5.66 4
82 1 1.748 1 14.84 12.87 10.39 8.

GPS: Quality : GPS Fi Latitude = 40°23.648888
= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees,

83 1 1.643 1 6.18 4.67 3.66 3.04 2.35 1.
83 1 1.643 1 8.89 6.77 5.24 4.35 3.33 2.
83 1 1.643 1 12.08 9.13 6.98 5.79 4.46 3
83 1 1.643 1 15.19 11.34 8.55 7.05 5.42 4.

GPS: Quality : GPS Fi Latitude = 40°23.633626
= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading east 56 degrees,
84 1 1.546 1 5.74 3.15 2.30 0.00 0.00 1
84 1 1.546 1 8.86 5.37 3.68 2.

84 1 1.546 1 12.11 7.49 4.94 3.80 2.91 2
84 1 1.546 .1 15.01 9.32 6.08 4.

GPS: Quality : GPS Fi - Latitude = 40°23.614562
= 2.70
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GPS: State Plane Coordinates:
Note: trail ridge road heading east 56 degrees, rutting and shoving
85 1 1.451 1 5.76 4.53 3.26 .67 2.05 1.64 1.10 0.00 63.4
85 1 1.451 1 8.98 7.15 5.14 .15 3.22 2.56 1.72 1.31 63.4
9.
1.

85 1 1.451 1 12.23 54 6.86 .52 4.31 3.44 2.28 1.75 63.4
85 1 1.451 1 15.11 11.80 8.39 .73 5.25 4.23 2.82 2.13 63.4 .
GPS: Quality : GPS Fi Latitude = 40°23.584416 N Longitude = 105°37.560662 W PDOP
= 2.40
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
86 1 1.349 1 5.93 3.98 3.00 2.39 0.00 1.38 0.00 0.00 64.5
: 86 1 1.349 1 8.96 6.34 4.69 3.78 2.87 2.15 1.37 1.01 64.5
- b 86 1 1.349 1 11.99 8.32 5.98 4.81 3.64 2.79 1.75 1.34 64.5
: 86 1 1.349 1 15.21 10.20 7.21 5.82 4.41 3.43 2.14 1.65 64.5
GPS: Quality : GPS Fi Latitude = 40°23.563672 N Longitude = 105°37.490783 W PDOP
= 2.40
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
87 1 1.247 1 6.42 8.66 6.10 4.03 2.68 1.96 1.16 0.00 64.5
87 1 1.247 1 8.91 12.52 8.70 5.78 3.88 2.83 1.66 1.22 64.5
87 1 1.247 1 11.79 16.72 11.51 7.71 5.23 3.82 2.19 1.55 64.5
87 1 1.247 1 14.06 19.92 13.75 9.19 6.28 4.62 2.70 1.89 64.5
D GPS: Quality : GPS Fi Latitude = 40°23.551637 N Longitude = 105°37.417982 W PDOP
: = 2.50
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
88 1 1.148 1 6.25 11.33 8.37 6.39 4.62 3.44 2.13 1.52 61.9
88 1 1.148 1 9.08 17.59 12.94 9.90 7.15 5.31 3.18 2.30 61.9
88 1 1.148 1 11.99 23.32 17.19 13.18 9.62 7.17 4.33 3.08 61.9
88 1 1.148 1 15.09 29.08 21.51 16.44 12.02 8.99 5.52 3.85 61.9
GPS: Quality : GPS Fi Latitude = 40°23.517790 N Longitude = 105°37.360583 W PDOP
= 5.90
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
] 89 1 1.050 1 6.23 8.76 6.72 5.53 4.16 3.14 1.79 1.15 65.2
| 89 1 1.050 1 9.16 13.10 9.87 8.12 6.14 4.64 2.63 1.70 65.2
89 1 1.050 1 12.26 17.25 12.98 10.63 8.13 6.15 3.55 2.22 65.2
89 1 1.050 1 15.21 20.91 15.70 12.83 9.84 7.49 4.35 2.74 65.2
GPS: Quality : GPS Fi Latitude = 40°23.486594 N Longitude = 105°37.302706 W PDOP
= 2.70
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
90 1 0.949 1 6.23 5.04 4.08 3.43 2.68 2.09 1.29 0.00 66.7
LY 90 1 0.949 1 9.18 7.53 6.07 5.08 3.99 3.13 1.89 1.31 66.7
: 90 1 0.949 1 12.23 10.01 8.04 6.71 5.27 4.12 2.55 1.74 66.7
90 1 0.949 1 15.38 12.31 9.81 8.17 6.42 5.05 3.15 2.06 66.7
GPS: Quality : GPS Fi Latitude = 40°23.455171 N Longitude = 105°37.240719 W PDOP
= 5.50
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
91 1 0.849 1 6.18 11.16 8.74 7.06 5.20 3.86 2.15 1.39 64.5
91 1 0.849 1 8.91 16.73 12.94 10.39 7.78 5.78 3.24 2.12 64.5
91 1 0.849 1 12.08 22.07 17.05 13.71 10.36 7.78 4.43 2.92 64.5
91 1 0.849 1 14.72 26.07 20.20 16.22 12.35 9.34 5.46 3.55 64.5
GPS: Quality : GPS Fi Latitude = 40°23.414367 N Longitude = 105°37.190032 W PDOP
= 5.20
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
92 1 0.750 1 6.27 3.72 3.09 .59 2.08 1.64 1.03 0.00 65.6
92 1 0.750 1 9.25 5.77 4.76 .97 3.15 2.53 1.55 1.07 65.6
92 1 0.750 1 12.18 7.73 6.38 .30 4.24 3.38 2.11 1.42 65.6
92 1 0.750 1 15.33 9.67 7.92 .65 5.32 4.27 2.67 1.76 65.6
GPS: Quality : GPS Fi Latitude = 40°©23.371588 N Longitude = 105°37.14255%4 W PDOP
= 2.70
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
93 1 0.650 1 6.18 4.77 2.93 2.34 0.00 1.26 0.00 0.00 65.9
93 1 0.650 1 9.18 7.48 4.67 3.67 2.68 2.00 1.12 0.00 65.9
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93 1 0.650 1 12.33 10.23 6.39 5.02 3.69 2.75 1.54 1.01 65.9
93 1 0.650 1 14.87 12.37 7.74 6.10 4.50 3.35 1.90 1.17 65.9
L GPS: Quality : GPS Fi Latitude = 40°23.338328 N Longitude = 105°37.084770 W PDOP
e = 2.20
: GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving
] 94 1 0.541 1 5.96 6.94 4.62 3.59 2.54 1.58 0.00 0.00 68.8
i 94 1 0.541 1 8.74 11.39 7.60 5.89 4.12 2.58 1.28 0.00 68.8
1 94 1 0.541 1 12.01 16.36 10.64 8.29 5.79 3.72 1.81 1.20 68.8
94 1 0.541 1 14.94 20.43 12.91 10.13 7.11 4.59 2.27 1.45 68.8
GPS: Quality : GPS Fi Latitude = 40°23.316447 N Longitude = 105°37.009923 W PDOP
= 4.80 :
¢ et GPS: State Plane Coordinates:
: Note: trail ridge road heading east 62 degrees, rutting and shoving
95 1 0.448 1 6.13 6.94 5.14 4.04 2.82 1.98 0.98 0.00 68.5
95 1 0.448 1 9.03 10.80 8.07 6.29 4.41 3.07 1.44 1.02 68.5
95 1 0.448 1 11.94 14.40 10.82 8.44 5.98 4.19 1.95 1.31 68.5
95 1 0.448 1 14.99 17.97 13.35 10.46 7.47 5.25 2.49 1.58 68.5
GPS: Quality : GPS Fi Latitude = 40°23.290848 N Longitude = 105°36.949361 W PDOP
= 4.50
GPS: State Plane Coordinates:
Note: trail ridge road heading east 62 degrees, rutting and shoving

96 1 0.347 1 6.13 4.60 3.73 3.14 2.44 1.80 1.06 0.00 67.0
96 1 0.347 1 9.08 7.32 5.92 4.97 3.79 2.86 1.65 1.10 67.0
96 1 0.347 1 12.23 10.02 8.13 6.79 5.24 3.94 2.29 1.46 67.0
96 1 0.347 1 15.06 12.59 10.19 8.49 6.54 4.92 2.89 1.85 67.0
GPS: Quality : GPS Fi Latitude = 40°23.268686 N Longitude = 105°36.880747 W PDOP

= 4.20

GPS: State Plane Coordinates:

Note: trail ridge road heading east 62 degrees, rutting and shoving

97 1 0.248 1 6.20 3.98 3.09 2.55 1.95 1.49 0.93 0.00 68.8

97 1 0.248 1 8.89 6.10 4.74 3.89 2.99 2.32 1.40 0.96 68.8

97 1 0.248 1 11.96 8.44 6.60 5.45 4.21 3.28 1.99 1.27 68.8

97 1 0.248 1 14.92 10.45 8.15 6.76 5.23 4.10 2.49 1.54 68.8

GPS: Quality : DGPS Fix Latitude = 40°23.245223 N Longitude = 105°36.814969 W
PDOP = 5.30

GPS: State Plane Coordinates:

Note: trail ridge road heading east 62 degrees, rutting and shoving

98 1 0.151 1 5.96 9.18 7.48 6.18 4.62 3.41 1.94 1.28 69.2

98 1 0.151 1 8.98 14.37 11.74 9.69 7.27 5.36 3.01 1.96 69.2

98 1 0.151 1 11.79 18.78 15.41 12.76 9.71 7.27 4.10 2.65 69.2

98 1 0.151 1 14.70 23.15 18.87 15.72 12.03 9.08 5.25 3.37 69.2

GPS: Quality : GPS Fi Latitude = 40°23.230289 N Longitude = 105°36.747376 w PDOP
= 2.10

GPS: State Plane Coordinates:

Note: trail ridge road heading east 62 degrees, rutting and shoving

99 1 0.048 1 6.10 8.76 7.06 6.01 4.89 4.01 2.78 2.07 70.3

99 1 0.048 1 8.86 13.03 10.53 8.95 7.29 6.05 4.20 3.08 70.3

929 1 0.048 1 12.04 17.04 13.77 11.64 9.58 7.88 5.55 3.98 70.3

99 1 0.048 1 14.87 20.68 16.49 13.97 11.57 9.57 6.83 4.93 70.3

GPS: Quality : GPS Fi Latitude = 40°23.224182 N Longitude = 105°36.670952 W PDOP
= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading east 62 degrees, rutting and shoving

¢ e 100 1 0.005 1 6.05 10.24 8.30 6.92 5.06 3.64 1.76 0.90 69.2
- 100 1 0.005 1 8.94 15.96 12.96 10.65 7.84 5.63 2.67 1.28 69.2
100 1 0.005 1 11.72 21.11 16.98 14.05 10.38 7.49 3.56 1.70 69.2

100 1 0.005 1 14.79 26.41 21.53 17.44 12.91 9.31 4.49 2.11 69.2

GPS: Quality : GPS Fi Latitude = 40©23.219465 N Longitude = 105°36.640599 W PDOP
= 2.50

GPS: State Plane Coordinates:

Note: trail ridge road heading east 62 degrees, rutting and shoving
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March 1, 2004

EARTH ENGINEERING
CONSULTANTS, INc.

FHWA-CFLHD
555 Zang Street, Room 259
Lakewood, Colorado 80228

Attn:  Mr. Steve Deppmeier

Re:  Foamed Bitumen Mix Designs
Trail Ridge Road
CO PRA ROMO 10(4)
Hstes Park, Colorado

q EEC Project Number: 1044009

Mr. Deppmeier:
Earth Engineering Consultants, Inc. (EEC) personnel have completed the foamed bitumen
mix designs you requested for the above referenced project. A Wirtgen® WLB 10 foam

laboratory was used for designing the mixes. Results of the completed mix designs are

included with this report.

Foaming Characteristics

A sample of AC-10 obtained from the Frontier Oil Refinery in Cheyenne, Wyoming was
evaluated to determine foaming characteristics. The sample was obtained on January 7,
2004 from tank 1-52. In general, the AC-10 graded asphalt exhibited favorable foaming

characteristics and was used in the mix design. The Frontier asphalt was evaluated at 160,

170 and 180° C to develop expansion ratio and half-life information.

Foaming characteristics are determined by adjusting the percent of water utilized to
produce the foaming reaction and recording the foam expansion ratio and half-life. The
expansion ratio indicates how many times the asphalt foam expands from its original
volume. The half-life is the amount of time it takes for the foam to reach 50% of its
maximum expanded volume. Results of foam characteristics testing are outlined on the
attached summary. The optimum percent injection water -occurs when the maximum
amount of foam is produced and maintained in the foam state for the greatest amount of

time. Maximizing foaming will aid in dispersing the bitumen throughout the recycled

CENTRE FOR ADVANCED TECHNOLOGY
230! RESEARCH BOULEVARD, SUITE | 04
FORT CoLLins, COLORADO 80526

(70) 224-1522 (Fax) 224-4564




Earth Engineering Consultants, Inc.
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materials. Maximizing half-life will allow for the dispersion process to occur for the

greatest amount of time.

In general, the higher the asphalt temperature, the more energy is available to produce
asphaltic cement foam. However, based on past experience, essential volatile components
are burned off more quickly at higher asphalt temperatures and higher asphalt temperatures
are difficult to maintam in the field. A minimum expansion ratio of 15 and half-life of 12
is preferred for use in the mix design. However, we understand those values were derived
from the increased expansion ratios and half-lives that can be produced with the higher
nozzle pressures developed utilizing Wirtgen® equipment in the field. Difficulty obtaining
the outlined expansion ratio and half-life values in the laboratory has been encountered in
the past and was the case in this evaluation. It has been our experience, and recommended
by A.A. Louden and Partners, that sufficient foaming characteristics are developed with

laboratory values as low as an expansion ratio of 9 and half-life of 6 seconds.

Based on the results of laboratory testing, we recommend 2.5% injection water be added to
induce foaming and a minimum asphalt temperature of 160°C be maintained in the field.
For the provided mix designs, a minimum asphalt temperature of 160°C and 2.5% injection

water was utilized.

Sampling and Sample Preparation

Samples of the asphaltic concrete surfacing and aggregate base from the proposed
reconstruction area were sent to our laboratory for use in the preliminary mix designs. A
gradation analysis was completed on each proportionately blended sample of aggregate
base and RAP prior to cement addition to develop grain size distribution information. In
addition, Atterberg limits and modified Proctor tests were completed on each aggregate

blend. Results of the outlined testing are outlined on the attached summary sheets.

Samples of the asphalt pavement were softened by heating and broken down to obtain
material representing recycled asphaltic concrete. The RAP and aggregate base materials
were blended in proportion to the recommended layer thicknesses and assumed in-situ

densities as outlined below in Table 1.
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TABLE I - Proportioning Summary

Earth Engineering Consultants, Inc.

Section A
Material Weight Per Square Meter (kg) Per 10 kg Sample (g)
Asphaltic Concrete
(100 mm @ 2403 kg/m*) 240.3 kg (82.19%) 8219 ¢
Aggregate Base
(25 mm @ 2083 kg/m?) 52.1kg (17.81%) 1781 g
Total Blend 2924 kg 10,000 g
Section B
Material Weight Per Square Meter (kg) Per 10 kg Sample (g)

Asphaltic Concrete

(85 mm @ 2403 kg/m®) 204.3 kg (60.14%) 6014 g
Aggregate Base
(65 mm @ 2083 kg/m’) 135.4 kg (39.86%) 3986 g
Total Blend 339.7 kg 10,000 g
Section C
Material Weight Per Square Meter (kg) Per 10 kg Sample (g)
Asphaltic Concrete
(110 mm @ 2403 kg/m’) 264.3 kg (76.04%) 7604 g
Aggregate Base
(40 mm @ 2083 kg/m’) 83.3 kg (23.96%) 2396 g
Total Blend 347.6 kg 10,000 g
Section D
Material Weight Per Square Meter (kg) Per 10 kg Sample (g)

Asphaltic Concrete

(100 mm @ 2403 kg/m’) 240.3 kg (69.77%) 6977 g
Aggregate Base

(50 mm @ 2083 kg/m?) 104.1 kg (30.23%) 3023 g
Total Blend 3444 kg 10,000 g
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Atterberg limits tests indicated the proportioned materials were non-plastic. Based on the
results of completed Atterberg Limits tests, the addition of lime was not explored. One
percent (1%) Portland cement by unit weight was added to the blend to supplement fine
content and add cementatious qualities to the blend. Augmenting the fine content is
necessary to provide a sufficient amount of material for development of asphalt foam
mortar. Limiting the Portland cement addition to 1% is preferred to reduce the potential
for development of a more brittle material susceptible to cracking. The compaction
moisture added to the blends was 1.25% for Section A, 2.25% for section B and 2.00% for

Sections C and D prior to treatment with foamed bitumen.

Foamed Bitumen was added to the proportioned blends for Sections A, C and D at 2.0, 2.5,
3.0, 3.5 and 4.0% based on the sample dry unit weight. Foamed Bitumen was added to the
proportioned blend for Section B at 2.5, 3.0, 3.5 4.0 and 4.5% based on the sample dry unit
weight. The treated samples were then compacted into 4-inch diameter specimens using
75-blow Marshall compactive effort. The molded specimens were cured at 104°F for 3
days. The cured samples were tested for indirect tensile strength under treated and
untreated conditions. Untreated conditions consist of allowing samples to remain at room
temperature for 24 hours after curing. Treated conditions consist of soaking the samples in

room temperature water for 24 hours after curing.
Results
A summary of the completed indirect tensile strength test results are outlined below in

Table II.  Graphic representations of the percent foam versus soaked and unsoaked

strengths for sections A through D are included with this report.
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TABLE II - ITS Testing Summary

Earth Engineering Consultants, Inc.

Section A
% Foamed Asphalt Added 2.0 2.5 3.0 3.5 4.0
Additives & % 1% 1% 1% 1% 1%
Portland Portland | Portland | Portland | Portland
cement cement cement cement cement
Molded Density (kg/m’) 1974 1954 1961 1932 1962
ITS Dry (kPa) 295 348 277 293 288
ITS Soaked (kPa) 239 253 255 261 248
Retained Strength (%) 81% 73% 92% 89% 86%
Section B
% Foamed Asphalt Added 2.5 3.0 3.5 4.0 4.5
Additives & % 1% 1% 1% 1% 1%
Portland Portland | Portland | Portland | Portland
cement cement cement cement cement
Molded Density (kg/m>) 2052 2052 2049 2051 2025
ITS Dry (kPa) 316 359 364 357 319
ITS Soaked (kPa) 253 266 290 326 268
Retained Strength (%) 80% 74% 80% 91% 84%
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Earth Engineering Consultants, Inc.

Page 6
TABLE II Contd.
Section C
% Foamed Asphalt Added 2.0 2.5 3.0 3.5 4.0
Additives & % 1% 1% 1% 1% 1%
Portland Portland | Portland | Portland | Portland
cement cement cement cement cement
Molded Density (kig/m®) 2017 2017 1991 2003 1994
ITS Dry (kPa) 446 435 474 428 439
ITS Soaked (kPa) 407 381 407 384 343
Retained Strength (%) 91% 88% 86% 90% 78%
Section D
% Foamed Asphalt Added 2.0 2.5 3.0 3.5 4.0
Additives & % 1% 1% 1% 1% 1%
Portland | Portland | Portland | Portland | Portland |
cement cement cement cement cement

Molded Density (kg/n1’) 2110 2095 2150 2127 2127
ITS Dry (kPa) 395 406 443 420 415
ITS Soaked (kPa) 312 362 361 370 355
Retained Strength (%) 79% 89% 81% 88% 86%

An additional mixing device has been employed in the mix design processes completed for

this project. The dough hook mixing procedure is now followed by a wire whip mixing

operation.

In our opmion, much better mixing and dispersing of the asphalt foam is

achieved which more closely represents the degree of mixing achieved in the field utilizing

industrial recycling equipment. As a result, it is our opinion that increases in wet strengths

and resulting retained strengths can be obtained in the laboratory.
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Recommendations

The recommended foam and Portland cement addition rates are outlined below in Table
III. The blended materials should be compacted to be at least 95% of modified Proctor
maximum dry density.

Table III - Recommendations

Section A Section B Section C Section D
Foam Addition 2.5%+0.3% 3.5£0.3% 3.0%+0.3% | 3.0%0.3%
Additives 1% Portland | 1% Portland | 1% Portland | 1% Portland
Cement Cement Cement Cement

We appreciate the opportunity to work with you on this project. If you have any questions
concerning the enclosed information, or if we can be of further service to you in any other

way, please do not hesitate to contact us.

Very truly yours,
Earth Engineering Consultants, Inc.

Reviewed by:

! \ -, / &
Lester L. Litton, P.E.
Principal Engineer

Senior Project Engineer



FOAM SUMMARY

Asphalt Foaming Characteristics (160 C)

Foam Water Content (%)

| Expansion Ratio B Half-Life I

Asphalt Foaming Characteristics (170 C)

Foam Water Content (%)

I Expansion Ratio HE Half-Life |

Asphalt Foaming Characteristics (180 C)

Foam Water Content (%)

L Expansion Ratio B Half-Life i

Project: Trail Ridge Road
Estes Park, Colorado

Project No.. 1044009

Date: February 2004




SUMMARY OF ITS TESTING

ITS Summary Section A
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Project: Trail Ridge Road
Estes Park, Colorado
Project No.. 1044009
Date February 2004




SUMMARY OF ITS TESTING

ITS Summary Section C
600 - !
« 500
o 400 +——
< 308 i
0 20 |
£ 100 |
0 T T T LI 'I
1.5 2 25 3 3.5 4.5
Foamed Bitumen Addition (%)
—¢—Dry —I—Soakg}
ITS Summary Section D
500 - SRS g T |
400 & B TRy SHCURU SO |
w —i S
e 300 g
@ 200
E 100 .
0 . . : . -
1.5 2 2.5 3 3.5 4 4.5
Foamed Bitumen Addition (%)
[—+—Dry —=—Soaked |
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Project No.: 1044009
Date February 2004
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Earth Engineering Consultants, Inc.
Summary of Laboratory Classification/ Moisture-Density Relationship

145 ! Material Designation:  1044009-A
Sampie L.ocation: TP-1
1 Description: Blended RAP and Aggregate Base (Untreated)
Atterberg Limits (ASTM D-4318)
Liquid Limit: NL
135 Y Plastic Limit: NP
S |Plasticity Index: Np
Y
Percent Passing No. 200 Sieve (ASTM C-117): -
130 P Standard Proctor (ASTM D-698)
sl Maximum Dry Density: 119 pcf
= T Optimum Moisture Content: 4.5%
2 125 Pt
[5] g .
o 8 .
: %
5] T
3 120 LN Curves for 100% Saturation
Y S e, For Specific Gravity Equal to:
g 74 IR
3 & 2.80
O :
& 115 - s * - 2.70
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g \\ '\
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4 :\1» N
100 et
95 K s\ *K“\
> i
20 \ | Bighnd
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Percent Moisture

Project:

Project No:
Date

Trail Ridge Road
Estes Park, Colorado
1044009

February 2004




EARTH ENGINEERING CONSULTANTS, INC.
SUMMARY OF GRADATION TEST RESULTS

SAMPLE 1.D.. Section A

GRADATION OF AGGREGATE (AASHTO T-11, T-27)
SIEVE SIZE ____PERCENT PASSING
4" T 100%
3" 100%
2" 100%
11/2" 100%
1" 100%
3/4" 100%
1/2" 77%
3/8" 59%
No. 4 33%
No. 8 19%
No. 16 1%
No. 30 6%
No. 50 4%
No. 100 2%
No. 200 16%

PROJECT: Trail Ridge Road

Estes Park, Colorado
EEC PROJECT NO 1044009

DATE: February 2004
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Earth Engineering Consultants, Inc.

Summary of Laboratory Classification/ Moisture-Density Relationship

145 ;- Material Designation:  1044009-8
Sample Location: TpP-4
120 * Description. Blended RAP and Aggregate Base (Untreated)
Atterberg Limits (ASTM D-4318)
- Liquid Limit: NL
135 T 1“ Plastic Limit: NP
ix 31y |Plasticity Index: Np
] . |Percent Passing No. 200 Sieve (ASTM C-117) -
130 Sl Standard Proctor (ASTM D-698)
ke Maximum Dry Density: 124 pcf
g &Y Optimum Moisture Content: 4.5%
£ 125 R
L %,
e :
= %
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g 120 Vi Sefrert el Curves for 100% Saturation
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° Ky %
=4 - Y “)
3 280
& 115 e 2.70
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Project:

Project No:
Date

Trail Ridge Road

Estes Park, Colorado

1044009
February 2004
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EARTH ENGINEERING CONSULTANTS, INC.

SAMPLE I.D..

SUMMARY OF GRADATION TEST RESULTS

Section B

GRADATION OF AGGREGATE (AASHTO T-11, T-27)

SIEVE SIZE PERCENT PASSING
4" 100%
3" 100%
2" 100%

11/2" 100%
1" 100%
3/4" 100%
172" 85%
3/8" 73%
No. 4 55%
No. 8 41%
No. 16 28%
No. 30 19%
No. 50 12%
No. 100 8%
No. 200 5.5%

PROJECT:

DATE:

Trail Ridge Road

Estes Park, Colorado
EEC PROJECT NO 1044009

February 2004




Earth Engineering Consultants, Inc.
Summary of Laboratory Classification/ Moisture-Density Relationship
145 - Material Designation:  1044009-C
T Sample Location: Tp-2
14D o \ : Description: Blended RAP and Aggregate Base (Untreated)
T [Atterberg Limits (ASTM D-4318)
e Liquid Limit: NL
S i i |Plastic Limit: NP
135 1 |Plasticity Index: Np
! : « Percent Passing No. 200 Sieve (ASTM C-117); -
130 it Standard Proctor (ASTM D-698)
KUY Maximum Dry Density: 119 pef
g ", Optimum Moisture Content: 4.5%
£ 125
] B
3
3
O A
3 120 Curves for 100% Saturation
o — : TR For Specific Gravity Equal to;
T %(' * Mol
3 bl B 2.80
& 115 \ S 2.70
=y 5 2.60
7] fi %
o % 3 %
8 110
2 A2 ‘ M - K
() .
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100 -
* - V"\..
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0 5 10 15 20 25 30 35
Percent Moisture
Project: Trait Ridge Road

Estes Park, Colorado
Project No: 1044009
Date February 2004




EARTH ENGINEERING CONSULTANTS, INC.

SUMMARY OF GRADATION TEST RESULTS

SAMPLE 1.D.. Section C

GRADATION OF AGGREGATE (AASHTO T-11, T-27)

SIEVE SIZE PERCENT PASSING
4" 100%
3" 100%
2" 100%
11/2" 100%
1" 100%
3/4" 99%
112" 72%
3/8" 55%
No. 4 35%
No. 8 23%
No. 16 15%
No. 30 9%
No. 50 6%
No. 100 4%
I No. 200 2.8%

PROJECT:

Trail Ridge Road

Estes Park, Colorado

EEC PROJECT NO 1044009

DATE:

February 2004




Earth Engineering Consultants, Inc.
Summary of Laboratory Classification/ Moisture-Density Relationship

145 %'xi Material Designation:  1044009-D
Sample Location: TP-5
" LAY Description:  Blended RAP and Aggregate Base (Untreated)
3
R Atterberg Limits (ASTM D-4318)
. Liquid Limit: NL
135 5 y Plastic Limit: NP
L Plasticity Index: np
" [Percent Passing No. 200 Sieve (ASTM C-117):
130 | Standard Proctor (ASTM D-698)
Maximum Dry Density: 121.5 pcf
75" Optimum Moisture Content: 6.5%
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Project:

Project No:
Date

Trail Ridge Road
Estes Park, Colorado
1044009

February 2004




EARTH ENGINEERING CONSULTANTS, INC.
SUMMARY OF GRADATION TEST RESULTS

SAMPLE 1.D.: Section D
EEADATION OF AGGREGATE (AASHTO T-11, T-27)
SIEVE SIZE | PERCENT PASSING

4" I 100%
| 3" 100%
2" 100%
I 11/2" 100%
1" 100%

3/4" 99%

" 12" 81%
3/8" 67%

No. 4 47%

No. 8 33%

No. 16 22%

No. 30 14%

No. 50 8%

No. 100 5%

No. 200 3.5%

PROJECT: Trail Ridge Road

Estes Park, Colorado
EEC PROJECT NO 1044009

DATE: February 2004




March 24, 2004 EARTH ENGINEERING
CONSULTANTS, Inc.

FHWA-CFLHD
555 Zang Street, Room 259
Lakewood, Colorado 80228

Attn:  Mr. Steve Deppmeier

Re:  Supplemental Design Information
Trail Ridge Road
CO PRA ROMO 10(4)
Estes Park, Colorado
EEC Project Number: 1044009

Mr. Deppmeier:

Earth Engineering Consultants, Inc. (EEC) personnel submitted four (4) foamed bitumen
mix designs to your attention in a report dated March 1, 2004. At this time we have been
asked to provide clarification of the sample identification scheme and provide input
concerning the mixing procedures utilized in the laboratory. That information is
provided in the following report. Suggestions concerning foamed asphalt section design

and possible project specifications are also included.

Samples of existing roadway materials for the referenced project were sent to our Fort
Collins laboratory for use in completing four (4) foamed asphalt mix designs. Those
materials were labeled utilizing test pit and stationing numbers with each test pit
identified as representing different roadway sections. A summary of the test pit to

section correlation scheme is outlined below.

Test Pit 1 (Sta. 28+300) = Section A
Test Pit 4 (Sta. 68+375) = Section B
Test Pit 2 (Sta. 50+830) = Section C
Test Pit 5 (Sta. 77+870) = Section D

CENTRE FOR ADVANCED TECHNOLOGY
2301 RESEARCH BOULEVARD, SUITE | O4
FORT CoLLINS, COLORADO 80526

(970) 224-1522 (Fax) 224-4564
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Concerning the laboratory testing procedures, an added mixing step was employed in the
laboratory utilizing a wire whip. It is our opinion that the wire whip allows the
laboratory mixing process to more closely approach the degree of mixing achieved in the
field utilizing the commercial recycling equipment. Even with the added wire whip
mixing, we believe the degree of mixing and related strengths developed using
production equipment in the field is higher than that which can be simulated in the
laboratory. Slightly higher wet and dry strengths should be expected in the field than can
be developed utilizing current laboratory design procedures.

Concerning the indirect tensile strength (ITS) information, the minimum design
requirements which were set out for the completed mix designs include a minimum wet
ITS of 350 kPa and minimum retained strength of 70%. The mix designs we
recommended for Sections A and B showed results of wet ITS of 253 kPa and 290 kPa
respectively for what, in our opinion, was the optimum foam content. Dry strengths at
the optimum oil content were 348 kPa and 364 kPa with retained strengths of 73 and 80

percent respectively

Based on the requested proportioning scheme, Section A was a relatively coarse graded
mix while Section B contained more aggregate base materials and was more finely
graded. Significantly higher strengths were achieved m Sections C and D where there
was an optimum proportion of recycled asphalt pavement and reclaimed aggregate base.
In our opinion, the lower strengths obtained in Section A were due to the gap graded
characteristics of the material. Sufficient mortar pockets and contact areas could not be
developed m the molded specimens which was evident by the amount of observable
voids. Conversely, the lower strengths observed in the Section B mix were, in our
opinion, a result of excess sand sized materials. The finer graded materials, 1n our
opinion did not benefit from the aggregate interlock that develops with more well graded
blends.

In our opinion, the strengths obtained in the mix designs completed for sections A and B
are reflective of the in place materials at the proposed muixing depths. A.A. Louden and

partners have developed correlation data concerning material types, indirect tensile



Earth Engineering Consultants, Inc.

EEC Project No. 1044009
March 24, 2004
Page 3

strengths and design structural numbers. The information was developed utilizing
Wirtgen® equipment and various pavement analysis programs and will be published in
the new Wirtgen® manual. With their permission, I have attached a copy of the table and
summary of the correlation data. In general, a range of structural number equivalents are
produced with dry ITS values ranging from 100 to 500 kPa. As can be seen, dry ITS
strengths of approximately 300 kPa would result in a structural number of approximately
0.26. Dry ITS strengths of 500 kPa would result in a structural number of 0.35.

Instead of setting a strength requirement and either accepting or dismissing the potential
for foam stabilization based on strength alone, flexibility in the design process would
allow the preliminary designs to develop information about what can be achieved in the
field utilizing what materials are in place. After establishing the potential strength of the
recycled materials, the design thickness could be adjusted to obtain the structural number
required for the pavement design. With that approach, the in place materials that are
present in the field can be reconstituted to the strengths proven in the mix design and that
homogeneous section adjusted in thickness and incorporated into the pavement section
design resulting in a much greater range of potential applications. In our opinion, a
minimum soaked ITS of 100 kPa should be specified for all projects only because it
implies that materials of lesser quality would be a problem where saturation of the

pavement is expected.

Concerning the slightly lower strengths obtained in the mix designs completed for
sections A and B, various design approaches could be pursued. As outlined above, the
section thickness could be increased slightly to account for the slightly lower ITS results
without completing an additional mix design. Alternately, an additional mix design could
be completed utilizing a slightly different blend of materials to maximize strengths. For
section A, the recycling thickness could be increased 1 inch which would supplement
finer graded materials and allow for a more densely graded mix with fewer voids. The
mix design completed by increasing the aggregate base materials by 1 inch in section A
would be identical to the mix completed for section D which results in significant
strength increases. With this 2™ approach, higher strengths and an increased foam

section would result. Both of those benefits may not be required to meet the required
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design. Concerning section B, the coarse material content could be supplemented by
adding aggregate to the pavement surface prior to recycling in order to increase strength.
Or, as outlined above, the mix design strength numbers could be used and the pavement
section augmented slightly to obtain a slightly thicker but structurally equivalent section.

Additional cement could be added to increase strengths. However, for RAP and
aggregate base blends, it is typically recommended that the cement addition be limited to
1% to reduce the potential for development of brittle materials. One of the most
important characteristics of foam stabilized materials is their ability to remain flexible.
Maintaining flexibility in the stabilized section will reduce reflective cracking. ITS
strengths, in our opinion, are secondary to the durability characteristics produced by

limiting cement addition and maintaining flexibility.

Although retaining 70% of dry strength in a saturated test was not a problem with the
type materials utilized for these mix designs, some new information concerning retained
strength requirements based on environmental conditions is being developed. As
discussed with A.A. Louden and Partners, soaked strengths control the structural
coefficient that can be used in the pavement design only in areas where saturation of the
pavement is expected (rainfall >1000mm/annum). Specifying wet ITS indicates that
lesser values may pose a problem only in areas where saturation of the pavement will
occur. Up to this point, minimum soaked strength values are what have been specified
when completing mix designs. While we understand the need to incorporate some
conservative estimates in the pavement designs, wet ITS values, in our opinion, do not
represent realistic conditions for a majority of the central and western states. In our
opinion, structural number equivalents for the dry strengths could be used for design
while requiring a certain minimum retained strength under soaked conditions. A
minimum wet strength could be specified but would eliminate any requirement for a
retained strength percentage. Typically, in the hot mix asphalt community, a minimum
dry strength is specified with a minimum required retained strength. We understand that
the retained strength recommendations from AA Louden and Wirtgen personnel

published in the new Wirtgen manual will resemble those outlined below.
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Suggested Retained Strength Specifications
Terrain Type and Dry (Rainfall Moderate (Rainfall between Wet (Rainfall
Drainage <600mm per annum) | 600 and 1000mm per annum) | >1000mm per annum)
Rolling — well drained 50% 60% 70%
Flat — Poorly Drained 60% 65% 75%

We appreciate the opportunity to assist you with the required mix designs and look
forward to exploring further possibilities with the foam stabilization technology. We
would welcome the opportunity to discuss possible design and construction approaches to
insure a high quality product is delivered in the field. If you have any questions or
concerns, please feel free to contact us at any time. We value our relationship and the

continued open dialogue.

Very truly yours,
Earth Engineering Consultants, Inc.

Reviewed by:

Wolfram von Carlowitz, P.E. Lestr Litton, P.E.
Senior Project Engineer Principal Engineer

cc: Michael Voth —- FHWA
Richard Duval - FHWA




SUGGESTED STRUGTURAL LAYER COEFFICIENTS
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Motes 1. All materials classified as A - 4 or lower to be prefrgated with hydrated lime
2. Cement at nominal 1% to be added to all materiafs with P <10 and CBR <45 _
3. Where required, non-plastic fine material to be added to increase the percentage passing
the 0.075mm sieve to achieve a minimum of 5%.



ESTIMATION OF STRUCTURAL LAYER COEFFICIENTS

The method used to derive the structural coefficients was based on the comparison of two layered
systems using the elastic layer method (ELSYMS5 — Analysis of elastic layered systems under
normal wheel loads) and Pavement Analysis Software (PASS based on the 1993 AASHTO - Guide
for the Design of Pavement Structures).

The elastic layer method was used to simulate stresses, strains and deformations within a
pavement comprising a foamed bitumen stabilised layer and subgrade support. The foamed
bitumen stabilised layer was evaluated at various elastic (resilient) moduli values. The subgrade
support was kept constant in all cases. The critical stresses and strains determined for each elastic
modulus were then used to estimate the number of load applications to failure.

This information was then used as input in the AASHTO based design method, which utilises
structural numbers. As with the elastic layer method, the subgrade support was maintained at the
Same constant condition. For each comparison, the thickness of the foamed bitumen stabilised
layer was kept the same as that used in the elastic layer method. The structural number required
with respect to the number of load applications to failure for each evaluation was determined. With
the thickness of the foamed bitumen stabilised layer known and moderate drainage assumed, the
structural coefficient was determined for each relevant elastic modulus.

The derivation of resilient modulus from ITS measurements is based on guidelines from the
“GEMS - The design and use of granular emulsion mixes” Manual 14 issued by the South African
Bitumen and Tar Association (SABITA) and testing carried out to date.

The foamed bitumen application rates are merely-guidelines based on experience to date and
should only be used for the purposes of estimation. The determination of the optimum foam
bitumen content during construction is essential for optimisation of the material characteristics of
the stabilised layer and related cost savings.



June 17, 2004

FHWA-CFLHD

12300 West Dakota Avenue
Suite 210

Lakewood, Colorado 80228-2683

Attn:  Mr. Steve Deppmeier

Re:  Supplementary Testing
Trail Ridge Road
CO PRA ROMO 10(4)
Estes Park, Colorado
EEC Project Number: 1044009

‘ Mr. Deppmeier:

Earth Engineering Consultants, Inc. (EEC) personnel have completed the additional
testing you requested for the above referenced project. A Wirtgen® WLB 10 foam
laboratory was used for developing the additional mix design information. Results of the
completed laboratory testing are included with this report.

Foaming Characteristics

In order to remain consistent with the mix designs completéd for the referenced project
submitted to your attention on March 1, 2004, a sample of AC-10 obtained from the
Frontier Oil Refinery in Cheyenne, Wyoming was used in treating the delivered samples.

Based on the results of a previously completed foam evaluation, 2.5% injection water
was utilized at a temperature of 160°C.

Sampling and Sample Preparation

Samples of the asphaltic concrete surfacing and aggregate base from the proposed
reconstruction area were delivered to our laboratory for use in developing the

supplemental mix design information. As requested, a moisture content test was

CENTRE FOR ADVANCED TECHNOLOGY
230 | ReESEARCH BOULEVARD, SUITE | O4
FORT CoLLINS, COLORADO 80526

(©70) 224-1522 (Fax) 224-4564
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completed on a sample of the delivered aggregate base. The moisture content of the base
was measured at 3.7%. Samples of the asphalt pavement were softened by heating and
broken down to obtain material representing recycled asphaltic concrete. The RAP and
aggregate base materials were blended in proportion to the recommended layer
thicknesses and assumed in-situ densities as outlined below in Table 1.

TABLE I — Proportioning Summary

Section A
Material Weight Per Square Meter (kg) Per 10 kg Sample (g)
Asphaltic Concrete
(100 mm @ 2403 kg/m’) 240.3 kg (82.19%) 8219 ¢
Aggregate Base
(25 mm @ 2083 kg/m?) 52.1kg (17.81%) 1781 g
Total Blend 2924 kg 10,000 g

Two percent (2%) compaction moisture was added to the blend for section A prior to
treatment with foamed bitumen. As requested, foamed bitumen was added to the
proportioned blends for Section A at 2.5 and 3.0% based on the sample dry unit weight.
For each of the bitumen addition percentages, 1.5% and 2% cement was added to the
blend. The treated samples were then compacted into 4-inch diameter specimens using
75-blow Marshall compactive effort. The molded specimens were cured at 104°F for 3
days. The cured samples were tested for indirect tensile strength under treated and
untreated conditions. Untreated conditions consist of allowing samples to remain at room
temperature for 24 hours after curing. Treated conditions consist of soaking the samples

in room temperature water for 24 hours after curing.
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We appreciate the opportunity to work with you on this project. If you have any
questions concerning the enclosed information, or if we can be of further service to you

in any other way, please do not hesitate to contact us.

Very truly yours,
Earth Engineering Consultants, Inc.

Wolfram von Carlowitz, P.E.
Senior Project Engineer Principal Engineer



APPENDIX I

NPS FOAMED ASPHALT DATA
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"Safety comes first, each
time, every time, all the
time."

CONRAD KLEIN
Conrad was nominated for his
efforts in wearing his safety vest
while picking up roadside trash
AND not taking it of f until the end
of his shift,

JESSE ASSMUSSEN

CRD trails awards Jesse for taking
the lead on packing in hard hats
for trail work on the North Inlet
trail. This work involved the
Continental Trail Alliance crew.
According to the peers nominating
Jesse, most of this crew intended
to leave their hard hats in their
backpacks until he spoke up, pulled
his hard hat out of his pack and
took the lead to ensure the rest of
the crew followed his lead. He also
gave safety talks how to prevent
blisters from forming on hiker's
feet by addressing proper
footwear.

KELLY CONFER

Kelly was recognized for taking the
initiative to bring up the need and
to follow through to order
earplugs, goggles and safety
glasses. Also he is recognized for
his willingness to tactfully bring up
the needs in a morning meeting.

BRIAN SMITH
Brian was nominated for taking the
initiative to come in on his day off
to attend ergonomic and SAFE
training with the Buildings crew.

BILL BROWN
Utilities (east) recognize Bill for
his safety lectures to seasonal
employees on "How to work in
utility line ditches and work around
heavy equipment".

Congratulations to all of you for
being nominated by your peers
for your acts in promoting

safety.

Don't be surprised if sometime,
somewhere, someone steps up to you
and says “Smile, the Safety Sleuth
recognizes your safe work ethics"”




APPENDIX J

FROST HEAVE LOCATIONS
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HISTORICAL MEMOS
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US.Department
...of Transportation

" Federal Highway . ' :
Administration T

sujedt. Colorado-Rocky- Mouatain National Park 1-D(1}"
Trail Ridge Road, Grand Lake-Phantom Valley
Reply to

From: Chiéf; Materials Division : At o HFM (Folkman)
Central Direct Federal Division’ e

— Q@ b Menforandum

-Date: June 8, 1982 °

To: Mr. Robért Warren
HEP Chief, Preconstruction Division
‘Central Direct Federal Division

Denyer, Colorado -

On May 20, 1982 a review of the above project was made by Wayne Folkman of the
Materials Division. The main purpose of this trip was to try and locate a
borrow and aggregate source for the project, and to look at two areas for
proposéd retaining walls. ' ‘ '

ATl known possible sources of borrow and aggregate were looked at in company
with Ted Rex, NPS Maintenance’ Foréman, West Unit. At this time a source hasn't
been obtained. We are presently working on some possible sources with the Forest
Service and private owners. The possible source that was sampled in 1979 has
been mostly depleted and does not have the quantity of material we need for the
project; also the County is trying to close the pit.

We have made an agreement to sample a possible source belonging to R. W. Busse
Excavating, which is located ahout one mile from the beginning of the project.-
He has agreed to let us sampie the area but will not sell the quantities of
material needed at the present time and will not sign an option. He has indi-
cated that he would prefer to.deal with the contractors. '

We will continue to pursue this matter and will adyise as to our progress.

Another item we would Tike to bring to your attention is the large amount of
borrow your present design requires. When we conducted our materials investi-
gation in August, 1978 the quantity of borrow needed was a maximum of 30,000

" cubic yards and we were told that the project would probably he balanced. On
May 23, 1979 we were told that the project would require 75,000 to 100,000 cubic
yargS-Of borrow. At the present design stage the requirements are 135,000 cubic
yards.

When reviewing the project on May 20, 1982 it was noted that the present pro- -
jected centerline follows the existing roadway to the left side (west) which
amounts.to filling throughout most of the project with only about 35,000 cubic

yards of unclassified excavation,

It was noted:that there are Several swampy areas throughout the project. All
of these were noted on' the plans (copy attached) and will -require subexcavation
of from Ong'to three feet before embankment can be placed.
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Since trees are growing up to the shoulder of the road throughout the project
(in fact tﬁgre are more and larger trees on the fill side), there would probably
ﬁ% less enyironmental impact by cutting. Consideration should be given to rede-
signing the projéct to balance the earthwork. g '

_There are several rock walls about 4 feet high in existing cuts, These areas
were reylewed and we feel that they could Be taken out in all cases. except the
one gt station'106. This cutslope is unstable and we recombend not cutting and
Installing the planned retaining wall. The retaining wall footing will be in a
swam¥ﬁ area but appears to he underlain by clean, alluvial gravel, Subexcavation

~ should be included to éxcavate any muck down to clean gravel estimated to be 2 to
& feet,” Footing elevations should be 4 to 6 feet helow the bottom of the stream

channel to preyent frost action and stream scour.

The planned retaining wall at station 84 does not appear to be nétessary. The
alignment could he shifted right to avoid the planned wall. This would also
help to decrease borrow quantities. .- =2 :ir . ol o

Diring our original survey of August 1979 pavement recycling was not considered.
In August 1981 additional pavement samples were taken for testing for consider-
ation of recycling. This testing is being conducted now and results will be
forwarded when complete. We do not feel that recycling will be economically
justified for this project. ° ' - :

Since the existing grade and alignmwent will be changed considerably, the only
way to Use the existing 2 inches of pavement would be to pick up and haul to
the contractor's hot plant. ~We cannot he sure where the contractor will have
his hot‘glant locgted but it could be as far away as Granby and it would not be
practical to haul the old pavement tbat far.. Remowing of the existing pavement
may atsq cause gdditional problems with traffic control, ‘

An errar was notéd in our report of March, 1979 on page 4 where we showed existing
depths of pavement and road mix. This should be changed to pavement and base '
course, The gyerage depth of pavement is 2-inches with an average of 4-inches

of base course. : ' o _ )

After reviéﬂing the project this spring, and noting the considerable amount of
water, we recommend that the proposed structural section be changed from our
original recommendation (3 inches hot bituminous pavement and 4 inches crushed

aggregate base] to the following:

2 inches - hot bituminous pavement
4 inches - crushed aggregate Base
6 inches - subbase

An overlay of 13 inches will probably be needed in the future. Adequate width
should be provided to allow for a future overlay.
wepd WV —

Attachments Joseph H.'Clem
ac
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1, S, DFPARTMNT OF TRANSPQCRTATION
Federal Highway Administration
Region 8, Denver, Colorado

DESIGN

FLEXIBLE PAVEMERT STRUCTURE

- June 7, 1982
Project co Rocky Mountam Nat'l Pk.1- D(l)f‘ Trail Ridge Road By Hayne Folkman
Reg.i_Qn_LFactor _Traffic Factor
Precipitation gggon = }g 880 +@x 0.6= _?_Z_LAVQ. V.P D. one way, 20 yr.
Avg, Elevation ' ow_ 2 . project,
Drainage POOT - 1.0 924 x 0,01 .9.24 48k single axle loads/day.
Potal R.F, 3.0 (322 -9 )x,0002= _-18 Eq, 18 single axle loads/
—_— . day,
9.42 10
! Total Use
Soil R Soil Support Value{ Wt, Structural Number Inches Subbass
Jlass Value GoI. R G.l. R GC.TI. R
60 71.13 1.R9
. RECOMMENDED. ULTIMATE DESIGCN i
o Structural "~ Cost . Coef, | Coef,|Cost Structural] §

Pavement Component | Coef, Range Depth | Coef, Range |for CN | for SN| No. Number
jeal Coat - ' : - _
?lant Mix Surf(futurp) .25 — 30 [ 15 " 4,00 - 6.00 .40 .60 future
2lant Mix Surf. o35 = L4845 2 " 3.79 - 5,75 .40 .80 *1E
:0ad Wix Surf, 20 - 25 3.25 - 5,25
tab, Base P, 25 = .30 3,50 - 5,50 !
!‘a'b. Eise 'Ra:;o v15- - .20 3.25 - 5.25
enent T-Base 12 - 17 2.10 - 3,00
a2 (OH)') T-Bage - o12 = 017 2,10 - 3,00
'‘rushed Agz, Base 010 = ,15 4" 1,70 - 2,00 A2 A8
ravel Base 07 = 12 1.0 - 2,00
ubbase 07 - 12 6" 1,00 - .10 A0
elect Borrow .05 - .10 0.5 = 1,00 :

Total Depth _1.2'_' Total SN 1.8%

Future T3 Cuof-nava 2 49
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Subject:

From:

To:

HFM-16

Q VD MlerfdGrandum

L
US.Department Jin 3082
of fransportation .
Federal Highw:
Administrgﬂonay MAT'L. DIV (HFM-16)
Rocky Mountain National Park 1-D(1) ‘ Date: June 28, 1982
(Your June 8, 1982 Memorandum)
Chief, Preconstruction Division Reply to
Central Direct Federal Division Y Atta. ot HFP-16
Denver, Colorado 80225 4 s’ . {/) ‘

e
oA 2
Mr. Joseph H. Clem //(/jlf}up

Chief, Materials Division
Central Direct Federal Division
Denver, Colorado

This is in reference to your memorandum of June 8, 1982, in which you discussed
a series of materials related problems on the Rocky Mountain National Park
project from Grand Lake to Phantom Valley.

We are aware of the borrow problem and the fact that material is difficult to
find in the Grand Lake area particularly close to the National Park. At the
next field design review we hope to pursuade the National Park Service to allow
some alignment and design changes to reduce the large amount of borrow. At
this time I am not too optimistic that we can reduce it below 100,000 cubic
yards; however, we will try. The National Park Service has insisted since
inception of the project that we minimize the 1mpact on the existing cut

slopes and that we.leave the existing rock walls in place. As you know,

this placed a very tight limitation on the number of design options.

Your recommendation that the structural section be changed comes at an
inopertune time. Three years of design and location work have been based
on your original recommendation. To change now could result in the
following:

1. Considerable redesign including changing of centerline in the
tight areas.

2. The probablllty that we would not have the project ready for
advertising in early 1983 as promised.

3. An overrun in project cost. This office has previously prepared
a cost estimate for the project which the National Park Service
has used in Congressional hearings.

Therefore I have concluded that it is too late in the process to change the
strueturai- sect1on

Robert J. Warren



HFP

- Chkef, Preconstructfon Divisfon

Rocky Mountain Natfonal Park 1-0(1)/ | July 21, 1982 ..
(Colorado) Trafl Ridge Rd, : - SR g
Grand Lake-Phantom Valley

Chief, Materials Division - ‘ HFH (Fq'll:mn-) :
Central Dfrect Federal mVislon , - e

Hr. Bob Warren

Central Dfrect Federal Division
Denver, Colorado ‘

This memorandum documents a July 9 meetfng held in response to ur June’ 28 e T
nemo concerning our request that the structural sectfon originally recomended 1
for the subject project be fncreased. We agree that the recommendation to

fncrease the structural sectfon was untimely and can understand your veluctance

to change the design. However, we do feel that because of the adverse conditions

(heavy snow, flat grades and shallow ditches) encountered at the project sfte that,

as & minfrum, the base course thickness should be increased to 6 {nches. Wayne

Folkman discussed this recommendatfon with you on July 9, 1982 and ﬁ: is outr
understanding that you concur.

gc: Circ

yc: Fil
We: (S/bjectbleading HFM
WFOL LEM:mJ:7/21/82
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D30 (DSC-TMH)
Hemorandum
Tot Assistant Manager, Midwest/Rocky Hountain Team, DSC

From: Federal Highway Administration Coordinator, Midwest/Rocky
Mountain Team, DSC

Reference: Rocky Mountain National Park, Package No. 106, West Unit,
Trail Ridge Road - Grand Lake to Phantom Valley, P.T. 07

Subject: Trip Report — August 23, 1982

PURPOSE

The purpose of the field inspection was to review two proposed horizontal
alignment changes at Kawaunecechee Curve (Sta. 81400 to 84+00) and at
Deadman's Curve (Sta. 105400 to 1074+00). The typical road cross-section,
and road widening by cut vs., fi{1ll and material sources were to be

determined.

DISCUSSION & FINDINGS

Those present for the discussion/inspection were:

Chester Brooks, Superintendent, ROMO
Jim Godbolt, Assistant Superintendent, ROMO-
Larry Reed, West Unit Manager, ROMD
Ron Cotten, Chief, Division of Maintenance, ROMO
Ed Menning, Resource Management Specialist, ROMO
Don McLane, Chief, Branch of Roads & Trails, RMR
Joe Clem, Chief, Materials Division, FhHWA
Wayne Folkman, Field Exploration Supervisor, Materials Div., FHWA
Larry Sellon, Construction Operations Engineer, Construction Div., FHWA
Walter Langlitz, Area Design Engineer, Preconstruction Div., FHWA
John Ronscavage, Chief, Landscape Architect, Midwest/Rocky Mountain
: Team, DSC
! Jim Ellis, Geotechnical Engineer, Transportation Br., DSC
! Christine Turk, Ecologist/Compliance Specialist, Midwest/Rocky
: Mountain Team, DSC
Leon Clifford FHWA Coordinator, Midwest/Rocky Mountain Team, DSC

The field trip began with a discussion at the West Unit Headquarters followed
by a field review. The following decisions were made and agreements
reached: : R . -

-
,-—-‘.'J



" An "urban" typlcal cross-scction was chosen duc to less site disturbance

during construction and ease of ditch maintenance (sec enclosure)., Full
depth base (6") and pavement (3") will be utilized throughout. Slotted
inlets will be used in the paved ditch section where appropriate,

The Park agreed to the use of an existing borrow pit located approximately
1/4 mile left of Sta. 4 1+13. 1In the opinion of the FIWA Material
Division represcntatives, this pit would serve their needs for all base
and bituminous aggregate necessary for project construction, Permission
was also given by the TFark for the contractor to set up a batch plant

end crusher at this location. This pit can also be used for surfacing
material for other road projects on the west side of Trail Ridge Road.

The PHWA will conduct additional materials investigations of the existing
pit and will map the area for preparation of a reclamation plan to be
prepared by DSC. The plan will reshape existing slopes and cleanup
existing debris for total site rehabilitation. The pit is to be regraded,
seeded and planted. The WPS will prepare the enviroomental documentation
necessary to clear the use of the pit. |

The alternate alignments for Kawauneechee Curve were reviewed (Sta.

74400 to 87400). It was agreed that alternate P-2 was acceptable. This

line cuts into the rock knob at Sta. 84+00 and eliminates the need and

cost of a retaining wall at this location. Rock slopes can be graded at

1/4:1 to 1/2:1 and are to be left rough and irregular. The intention 1is

to provide pockets or seams in the rock, topsoil the pockets, and

encourage vegetation to re-establish itself in the slope, thus dgg;;;ZEEgi:> 77
from the cut. Should drilling and blasting be necessary for rEEFTEIbp' ‘
construction, drill marks should be obliterated. This alignment also

permits extending the box culvert at Sta. 75+80 on the right side only.

The existing stone masonry head wall is to be removed and placed on the

new extension. During construction, the DSC representative will be

available to help the project supervisor on all site matters,

The alternative alignments at Deadman's Cuxrve were also reviewed (Sta.
101400 to 108+00). It was agreed that the FHWA should restudy the F-2
alignment at this curve due to the extensive cut at Sta. 105+00. The
PHWA will restudy the section using 35, 40 and 45 mph alignments and the

following criteriass

a) The river at Sta. 105t90L would be used as a control but
avoided entirely.

b) The ponded water between Sta. 106100 and 107400L could be
encroached upon. A rock fill will be constructed to an
elevation above high water level aod the horse trail benched
into the fi11 slope. Rock from the excavatfon at Sta. 84+00
will be used in this £1il. '

¢) Preserve as much as possible of the existing masonry retaining
"wall on the right side, however, it should not be a 1imiting

factor.



' |I~

d) Mintwize environmental impacts in the area.

Road widenfng by fi1lling versug widening by balancing cut/f111 was
diocugsed, The oripginal concept of obtaining the required road width by
f1ll1ng and mininizing cuts 1g s8til]l the objective. This objective can
now be accoviplighed much more econoridcally by use of the borrow source
discusced above, There are sone areas where cutting 1s preferable to
prescrve existing tree screeng or to permit better sight distance or
alignment,

Pevegetation of all disturbed areas with native plant material i8 a

primary concern, Hative seed collection is recommended. This revegetation
should be accomplished by the Day Labor portion of the project. Topsoil
will be placed on all cut slopes of Us:1 or flatter as a first priority.
F11l slopes will receive topsoil 1f availlable. It appears that a

be stripped and stockpiled for later use in revegetation. Additional
required topsoil can be imported 1f roney 1s available, Disturbed

slopes will be left rough following construction to encourage water
etation effortg, Slope benching or serrating

The folloving station by station comments and agreements yere made by
the inspection party:

Sta. 2400 ~ the intersection of Columbine and Trail Ridge Road 1s accept-
able., An acceleration lane to the west f5 not necessary.

Sta. 460 + - move the snowplow turnaround to the west approxdmately 20
nefers e

Sta, 17420 - lay the 8lope back on the right to 2:1, ‘Spread topsoil for
good revegetation. The existing overhead power and telephone Iines
should be placed underground prior to project construction. This will

Sta. 15428 - an existing 1" conduit ig located in the culvert pipe,
Determine from the park what the conduit g for, ’

Sta. 21400 to 22400 ~ the FIWA Material Division will core the entrance
station area to determine the existing surfacing depth, 1If adequate,
only an overlay may be required, The curbing around the middle kiosk
will be removed by the Park prior to construction. Thig will facilitate
conversion of the kiosk to a portable structure for removal during snow
plowing operations. Funds to be transferred to the Payk for this work.

Sta. 26+50R - avoid cutting the backslope as much as possible,

Sta. 32450L - move the Harbison Meadows parking area to the northwest
approximately 100 meters and depress the grade 1f feagible,




Sta. 54400 to 5G+20R - avoid cutting as nuch as possible.

Sta. 58+75 to 62+15L - avoid filling to preserve the existing tree
screen at the housing area.

Sta. 58+76 to 62+15R - lower grade and move into hill.
Sta. 62+25L - provide planted berm to provide buffer by Day Labor.

Sta. 62+50 to 63+50L - wet £111 slope. Subexcavate and provide £111
foundation,

St. 6500 -~ lower grade to provide increased sight distance with cut on
right, -

Sta. 73H0R -~ 1t was agreed that the oversize vehicle parking for Onahu

Creek Trailhead be shifted to the east 8-10 meters to preserve the trece
buffer to the west. '

Sta. 75+00 to 80400 - Vista clearing,

Sta. 100+35 ~ the Jennings Bridge parking area shall be paved. The
vault toilet shall be handicap accessible. The Park has requcsted that
a Tepresentative of ROMO be present during construction of the handicap

fishing trail,

Sta, 10H00L ~ revise the note on the drawing to obliterate the south
access to the inholding off Trail Ridge Road. The south access is to
repain and the north access obliterated due to poor sight distance at
the intersection.

Sta. 138+00 - 1t was agreed that the parking area at Holzwarth liomestead
should be restudied. Shift the parking toward the meadow approximately

5 to 7 meters and lower the grade. Adjust the entrance intersections as
necessary to provide a grade not to exceed 3 percent, Additional clearing
is no limitation. Provide turn lanes.

Sta. 140400L - tree clearing was approved by the park to eliminate an
excess of cut on the right side of the roadway.

Sta. 147425 to 149450 - widening through this gection should be accomplished
by slope excavation to avold removal of the tree buffer on the fi11 side

of the roadway.

Sta. 149448 —~ the left turn lane and 8cceleration lane were approved at
the intersection of Trail Ridge and Tirber Creek Canpground approach

road.

Sta. 168+00 ~ replace the existing concrete box culvert with an adequate
CMP. Salvage the masonry headwall and replace around the CMP,



Sta. 1724G7R - provide a left turn lanc to Tiiberlake Trailhead parlking
arca. . 4

Sta. 174400L - a deccleration lane was approved for delineation to the
Veet Picnic Access Toad.

Sta. 175460 to 177400R - backslope shall be 11/2:1.

R:CO'SIEIIDATIONS

It was deterrined that the present scheduling for this project could

st11l be kept which calls for a plan in hand inspection in October aund a
contract advertising date fn May, 1983. It is still the intention of

the FilA to prc-show this coutract this calendar year so that construction
can begin as soon a2s possible following the contract award.

1f funds do not permit comstruction of the entire roadway length, the
Superintendent recomuends that work at the park entrance 18 the highest
rriority.

Sianed

Leon Clifford

Arprovad for Distributfion:

(Sid) € W Bkt | sgp 9 1982

Cnief, Cranch of Design, liidwest/Rocky ountain Team, sScC Date

cc:

Ree. Dir., Rocky Mountain Reglon
Supt., Rocky Mountain National Park
r, L1, Rudvde

pivision Lagineer

Ceatral Direct Federal Tivision
P.0. Dox 25246

Denver, CO 80225
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United States Department of the Interior

NATIONAL PARK SERVICE
DENVER SERVICE CENTER
755 Parfet Street

- . ' P.O. Box 25287
[N REPLY REFER TO: :
Denver, Colorado 80225

MAY 21 1585
D30 (DSC-TMW)

Mr. Jerry L. Budwig
Division Engineer :
Central Direct Federal D1V¢310n : My B3 x
Federal Highway Administration o
P.0. Box 25246

Denver, Lolorado 80225

Deanr

Reference: Rocky Mountain National Park, Package No. 106, _West Unit, Grade
and Pave 10.6 Miles of Trall Ridge Road-Grand Lake- to Phantom *
Valley, Type: 12

Sub ject: Road Deterioration and Surface Riding Quality

Recent field reviews by our staffs have substantiated the existence of four
problems that have developed along portions of the referenced project. Those
problems are longitudinal cracking, "alligator cracking", roadway patching
due to wet subgrade and poor riding characteristics.

We request that your office make an independent evaluation of the causes of
these problems and provide us with engineering alternatives to correct the
cited problemns. Those alternatives should reflect accompanying costs,

- reflect unfinished contract items and assess construction impacts to park
visitors.

Upon receiving your written response, we would like to meet with members of
your staff to discuss the corrective actions to be taken. ‘We hope that work
can commence promptly.

Sincerely,

John W, Bright FASLA
Assistant Manager
Midwest/Rocky Mountain Team
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June 5, 1985

- -Mr. John W. Bright
Assistant Manager
Midwest/Rocky Mountain Team
Denver Service Center
National Park Service

PO Box 25287

Denver, Colorado 80225

Dear Mr. Bright:

Subject: Rocky Mountain National Park Project 1-C(1) & 1-D(1)
(Your Letter Dated May 21, 1985)

- Your recent letter expressed concern over ftems your staff has identified
as prablem areas in need of corrective action. These included the
Tongitudinal cracking that appears in the winter and spring of the year,
the “alligator cracking”, the roadway patching, and rideability. We are
aware of what you have described and, as with other unfinished ftems of
work in the contract, 1t is our 1ntent to address these matters with the
contractor and resolve them within the provisions of the contract prior
to final acceptance.

We take this opportunity to assure'or reassure you, &8s the case may be,
that 1t 1s our intent to complete the project in accordance with the
contract to everyone's satisfaction, to the extent available funding will
permit.

As you are no doubt aware, when a project is designed and constructed to
address Park values with a Tow profile grade line, the presence of a high
water table and high surface runoff; particularly in the spring of the year,
combines to create an unstable foundation condition. The summer of 1984
during the peak of construction activity was extremely wet in Rocky Mountain
‘National Park. This combined with construction traffic and high visitor
traffic volumes resulted in less than ideal construction conditions as all
of us associated with the project will attest. _

The "alligator crackfng” and the patched areas are the result of constructing
a facility under the sdverse weather and traffic conditions described above.
He prefer that it were otherwise but the options avddlable to us at the

time made our chosen course of action the most practical. The rough patches
are the result of poor workmanship by the contractor and he/we have yet
to decide how to best correct them so as to achieve acceptable riding quality
following the application of the open-graded asphalt friction course. The



areas beneath these patches and beneath the “alligator cracking" were saturated
in late 1984 but do not appear to be wet at this time. The pavement that has
failed by cracking due to subgrade faflure was all identified last year and
will be removed and replaced at an estimated cost of about $6,000. We have
observed these areas carefully this year after the water level has dropped

ard even though they have been subjected to numerous heavy but legal loads,

nd additional information has been noted. We plan no subsurface work in

any of these areas unless we discover a need for some type of corrective work
after the existing pavement has been removed. '

- Work 1is already underway to seal the longitudinal cracks prior to placing the
open-graded asphalt friction course. These cracks are occurring in the winter
- and in the same location where they appeared in the old road and are caused
by frost and freeze/thaw actfon. We attribute these to the presence of
excessive moisture near the roadway surface in areas where the old roadway
likely contains organic material. Ordinarily the presence of organic material
in the subgrade is undesirable; however, in this instance the material is
capable of providing the required structural support. Vhile we agree the
presence of these longftudinal cracks are undesirable, the roadway {s stable
and the cost to correct them far outweighs the maintenance effort required

to seal them occasfonally.

He are sealing these cracks with the asphalt-rubber joint sealing compound
included in the contract under that bid {tem and related specifications.

We might also add that the intent of the contract was to seal these same
cracks in the old existing pavement prior to constructing the remainder of
the roadway section but construction and visitor traffic caused the old
surface to deteriorate making the crack sealing impractical. While we agree
the presence of these cracks is aesthetically undesirable, we view it as
fmpractical to reconstruct these areas unless the roadway profile is raised
out of the water table. Neither funding nor adequate matarial is presently
available to accomplish the work that would be required to hopefully eliminate
the possibility of future cracking. We would discourage an undertaking of
this magnitude and expense without some serious reconsideration of design:
philosophies in locations where excessive moisture is present and likely to
Jeopardize the integrity of the roadway. ' '

If ycu have further questions about the action we are taking in these matters
or would like to meet and discuss them further, please do not hesitate to
contact us. We are available to meet with your staff next week.

Sincerely yours,

b -
v DY

SLed RONBUSTY

Jerry L. Budwig
Division Engineer
cc: L. Sellon
E. Reusch
Materials
Reading File
yc: P1 File
gc: Circ LDSELLON:rc:6/5/85
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Summary of Actions

Seal longitudinal cracks 1/4-inch and widen.
Cost - $20,000 with contract items.

Remove and replace rough patches or blade smooth with Motor Patrol.
Additional asphalt mix may be required to obtain acceptable rideability.
Cost - $5,000 (To be shared by the Contractor.)

Overlay with 1 inch aspha]f to obtain roadway smoothness in the
following areas:

Stations 57+80 -
61+40
85+50
89400

129+60
149466

This is a section of significant patching last season and is structurally
stable and adequate.
Cost - $40,000

Station 169+90 t0 Station 171+20 remove area of alligator cracking,
repair subgrade and base if necessary and repave with 3 inches asphalt.
Cost - $6,000



